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Transportation & Public Utilities Committee Meeting Agenda:
Sustainable Transportation and the Cambridge Bicycle Plan
October 20, 2015 / 3:30pm-5:30pm

L

Committee Chair Dennis Carlone — Opening Remarks

I

Cambridge Community Development Department Members Susan Rasmussen and Cara
Seiderman - Overview of Sustainable Transportation and the Cambridge Bicycle
Plan

11I.

Public Comment

V.

Council Questions & Discussion
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From: Jeremiah Schuur <j_schuur@yahoo.com>
Sent: Sunday, October 11, 2015 9:51 PM

To: Lopez, Donna; City Council

Subject: cambridge bike plan

| am a Cambridge voter writing to support the Cambridge bike plan.

I have one comment. As an emergency physician in Boston, | treat cyclists from Cambridge and
surrounding towns who have been hit by cars. The single most important action that Cambridge can
take is creating a network of separated bikeways to get around Cambridge. Thank you for creating
the cycletrack on Western avenue!!! Now please work to build one on Mass avenue!

Jeremiah Schuur, MD
300 walden st.
cambridge, ma 02138

https://twitter.com/JSchuurMD
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Lopez, Donna

From: Steven Miller <semillerd8@gmail.com>
Sent: Tuesday, October 20, 2015 9:15 AM

To: thecouncil@cambridgema.gov; Lopez, Donna
Cc: Seiderman, Cara

Subject: Please Support The Cambridge Bicycle Plan

City Councillors:

Our eity has, once again, demonstrated leadership and vision. The new Cambridge Bicycle Plan is more
coraprehensive and sophisticated than almost any similar document for any municipality in the country. It
incorporates the most important contemporary research and state-of-the-art designs. Developed through a best-
in-the-nation process of public input and neighborhood-by-neighborhood discussion, it understands that
bicycles are important not only for mobility but for personal, public, and environmental health as well as for
sustainable economic development. There is no question that this document will circulate around the nation as
an inspiration and model for hundreds of other cities. I urge the city council to endorse, approve, and — most
importantly — push for and fund the rapid implementation of this proposal.

Cambridge has always had the long-term goal that anyone of any age, any ability, and any level of confidence
should be able to get from anywhere to anywhere else by bike. And the incremental implementation of this
powerful vision made the city an incredibly livable, non-car-dependent, and desirable places to live. I
remember a former editor of Bicycling magazine riding over the Mass Ave bridge from Boston and saying,
“entering Cambridge was like being able to breathe again.”

But during my own near-decade on the city’s Bicycle Committee we were stuck looking for opportunistic
moments to slip in bicycle facility upgrades. The result was a disjointed set of bike lanes and off-road paths
that kept the majority of potential cyclists — the so-called “interested but concerned™ group — from leaving their
cars at home. It is a real step forward, building on advances in the transportation engineering profession, to
envision a city-wide seamless network of low traffic stress (or high bicycle comfort level) routes.

Of course, our streets serve many purposes and have enormous impact on the nature and quality of the
surrounding land use, environment, and human interaction. Cambridge has always been a leader in
understanding that many of those purposes do not involve cars —neighborhood socializing, children’s play, bus
and transit access, walking, bicycling, and more. But we know that cars are still an important part of our
transportation mix, with parking one of the more contentious areas of negotiation. Fortunately, we now
understand enough about the differences between commercial and residential area parking dynamics and can
learn from the proven ways to effectively deal with both needs to not have parking turn into a show-stopping
problem. Still, it will take the courage of our convictions to insist that car uses take their place as only one
among many uses, that car needs do not always take priority, and to demand that we all collectively open our
minds to the compromises and creativity needed to find ways to serve everyone’s needs.
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The city staff and the many many volunteers who work on these issues deserve enormous praise for the creation
of the new Cambridge Bicycle Plan. I hope the city council recognizes the astounding value and importance of
their work by passing, funding, and implementing this proposal.

Steven E. Miller

92 Henry Street.

Executive Director, Healthy Weight Initiative, HSPH, Dept. of Nutrition
Board of Directors, LivableStreets Alliance

cell: 617-686-1050

"The Public Way: Transportation, Health. and Livable Communities"
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From: Matthew Cashman <mattcashman@gmail.com>

Sent: Tuesday, October 20, 2015 9:37 AM

To: thecouncil@cambridgema.gov; Lopez, Donna

Subject: I'wanted to voice support for the Cambridge Bicycle Plan being discussed at today's
meeting!

Hello,

I'm a resident of Cambridge (276 Windsor Street), and wanted to voice support for the Cambridge Bicycle Plan
being discussed at today's Transportation Committee meeting.

Sincerely,

Matthew P. Cashman
276 Windsor Street
Cambridge, MA 02139
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From: Gloria J. Korsman <gkorsman@yahoo.com>
Sent: Tuesday, October 20, 2015 11:14 AM

To: Lopez, Donna; thecouncil@cambridgema.gov
Subject: Cambridge Bicycle Plan

Dear Cambridge City Councillors,

I write to express my full support for Cambridge Bicycle Plan, and especially the proposed separated paths
shown on p. 89. I commend the CDD's fundamental guiding principle: "to enable people of all ages and
abilities to bike safely and comfortably throughout the city”, as well as the CDD's process of gathering
input from residents and people who travel in and through our city.

I live in North Cambridge and work at Harvard University, and ride a bike to reach most destinations in
Cambridge, Somerville, and downtown Boston. I am not an athlete who gets a thrill out of riding in the
street with cars at full speed, but rather a 50-year-old lady who hopes to cycle safely for many more years
from point A to point B, ideally on a network of connected, separated cycle tracks. I enjoy traveling on
Concord Ave, Vassar St, and Western Ave whenever possible. My stress level goes down when I no longer
need to peer inside the cockpit of parked vehicles to see whether someone will fling open a door. I love
the bike-specific traffic lights on Western Avenue that give me a head start at intersections. The location
of the bus stops on Western Ave are great because they minimize potentially deadly bike-bus

conflicts. These few, lovely cycle tracks in Cambridge are insufficient, because they lack connections to
Mass Ave, Hampshire, etc.

On December 4, 2014, I attended an Open House about the plan at 1000 Mass Avenue, Room

152. Although the attendees I met were overwhelmingly in favor of the ideas that would later be
published in the Cambridge Bicycle Plan, I met a few critics who favored keeping the status quo on our
roads.

I encourage the Councillors to support the Cambridge Bicycle Plan, and to help lead to way to
transportation that is cleaner, more sustainable, and healthier for all. Neither marriage equality nor
universal health care had broad popular support when first proposed, but now more of us see these
changes are good. I believe the same will happen with separated cycle tracks when everyone benefits
from cleaner air, quieter streets, and fewer conflicts between bikes and motor vehicles.

Our built environment shapes our behavior. Most of my peers are too afraid to ride a bike in Cambridge. If
we build for cars, we will get more cars. I'd rather we build for safe, active, clean transportation.

Thank you for your consideration of my views.

Sincerely,

Gloria Korsman

91 Montgomery Street #2L
Cambridge MA 02140
gkorsman@yahoo.com

Peace,
Gloria

gkorsman@yahoo.com
facebook.com/people/Gloria-Korsman/148821281 1
linkedin.com/pub/gloria-korsman/7/687/82
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From: Michael Forden Walker <mfw@ pinkmantis.com>
Sent: Tuesday, October 20, 2015 2:18 PM

To: Lopez, Donna; thecouncil@cambridgema.gov
Subject: Support for Bike Plan

I am a registered Cambridge voter and daily cyclist, and I support the Cambridge Bicycle Plan. The city has
been making good progress making bicycling safer, but we have a long way to go.

Thank you!

Michael F. Walker
284 Sidney Street’
Cambridge, MA 02139
miw@pinkmantis.com
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From: Kate Mytty <kmytty@mit.edu>
Sent; Monday, October 19, 2015 6:45 PM
To: Lopez, Donna

Subject: Cambridge Bicycle Plan

Hi Donna -

1 saw the news that the Cambridge Bicycle Plan is in process and just wanted to say that I’'m excited for the
upcoming plan.

Many thanks,
Kate

Kate Mytty, MCP

MIT D-Lab Waste, Instructor
km mit.edu

402 678 8347
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From: Jeffrey Engler <jeffrey.engler@gmail.com>
Sent: Monday, October 18, 2015 6:26 PM

To: thecouncil@cambridgema.gov; Lopez, Donna
Subject: Bikes Bikes Bikes

Hi guys!

Just wanted to say I'm so excited you're supporting bikes in Cambridge with the Mass Ave, Hampshire, and
Cambridge St. bike lanes. Ilove Cambridge, and I love bikes, and you're making an amazing combination.

Thank you!
Jeff

Jeffrey Engler
(917) 608-9785
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From: Pegygy Gelin <mtgelin@verizon.net>
Sent: Maonday, October 19, 2015 7:51 PM
To: Lopez, Donna

Cc: Kelley, Craig

Subject: Bike plan

Nice start to a long project. One request - bike lanes on Kirkland Street included in the plans. It is narrow, but |
and many others bike there regularly despite the amount of bus and truck traffic. Parking on the north side of
the street is not necessary. There is plenty of parking on the side streets north of Kirkland to accommodate
any displaced parkers.

Peggy

Not responsible for wacko auto-corrections.
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From: Carol Lee Rawn <clrawn@gmail.com>
Sent: Monday, October 19, 2015 8:05 PM

To: Lopez, Donna

Subject: Strong support for Cambridge's bike plan

Bear Ms. Lopez,
Please forward to the City Councit - thank you!

I strongly support Cambridge’s new bike plan; a robust bike infrastructure helps ensure the safety and health
of Cambridge’s citizens, reduces congestion, and helps Cambridge meet its climate goals. My entire family
uses cycling as a major mode of transportation in the city; a strong bike plan will help keep my daughters safe,
and encourage cyclists of all ages. Thank you.

Carol Lee Rawn

59 Larchwood Dr. Cambridge, MA 02138
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From: deSolas <thedesolas@gmail.com>

Sent: Tuesday, October 20, 2015 6:13 AM

To: Lopez, Donna; Kelley, Craig

Subject: "Copenhagen Bike Paths - An Example To All Cities" on YouTube

https://voutu.be/ZtX8qiC rXE

This video shows examples of some of Copenhagen's infrastructure including

* Double bike lanes on busy bike routes

* Prominent bike counters showing and recording daily bike traffic

* LED lights embedded in streets alerting cars of bikes to mitigate right hand turn accidents
* Traffic lights with advanced go for bikes

* Bike security measures for bike parking

* Lights times at 20 kph to allow bikes stop free access to the city

All of these measures could be implemented in Cambridge.
Best Regards,
David and Caroline de Sola.

19 year home owner
25 year resident
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I
From: rhaddleton@earthlink.net
Sent: Tuesday, Octaober 20, 2015 1:16 PM
To: topez, Donna
Subject: email of support for the Cambridge Bicycle Plan

To the City Council:

Just a brief note expressing support for the Cambridge Bicycle Plan and cycletracks in Cambridge. 1'd fike my
kids to be safe bicycling around town.

Thank You,
Russ Haddleton
322 Walden St. 02138
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From: Jessica Fosbrook <jessica.fosbrook@gmail.com>
Sent: Tuesday, Cctober 20, 2015 1:16 PM

To: Lopez, Donna

Subject: In suppoert of the citywide bicycle plan!

Hi - 'm a Cambridge resident and I bike every day. Please vote in favor of the citywide bicycle plan!

Thanks!
Jessica
650-353-0296
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Hearing gbout the Cambridge Bicycle Plan
Cambridge, MA
October 20, 2015
Testimony from Anne Lusk, Ph.D.
Harvard T. H. Chan School of Public Health

Annel usk@hsph harvard.edu 617-432-7076

To increase biking in Cambridge and the safety of bicyclists, I would like to speak:
1} Against building more bike lanes in door zones, if possible (Chapter 4)
2) In favor of cycle tracks (separated bike lanes) (Chapter 4)
3) About encouraging bicycle parking inside residences and offices (Chapter 7)
4) To offer a suggestion for funding of cycle tracks.

1) Against bunilding more bike lanes in door zones
An article published about the bike lanes in New York C1ty, pointed out that bike lanes make riding safer for
the pedestrian and car occupants but less safe for bicyclists.”

2) In favor of cycle tracks.
Our research and the research of others indicated that cycIe tracks are safer and more preferred.>

3) Encouraging bicyele parking inside residents and offices.
Our article on bicycle parking inside homes, offices, and schools is still under review but to increase
bicycling, bylaws or incentives need to be in place to encourage:
a. Private homes to have interior bike parking that is easily accessible and that involves few movements.
b. Taller residential buildings to have bike parking inside each apartment unit
c. Offices to have escalators that take a bike alongside or freight elevators that can accommodate bikes.
Bikes could then be parked by each desk in a slot.
d. Schools to have lockers with bike siots by the lockers so bikes are parked inside.

4) Offer sngoestions for funding of cycle tracks.

Now funding for bicycle facilities comes from local, state, or federal funds but, as evidenced by the few
cycle tracks, funds are not readily available. There is also a great demand for transportation money to repair the
existing roads and bridges. In 1905 when the car became popular, roads became clogged with parked cars
because no one had planned where to put all the cars when not being driven. Now, cities face the same issue
and half of a typical street paved surface area is taken up with parked cars. Cambridge charges only $25 for a
yearly parking permit and I would suggest that San Francisco could be copied. They charge $111 for a yearty
parking permit. In Boston, where 94,000 free permits are issues, charging $111 a year for a parking permit
would generate over $10 million a year that could be put to building cycle tracks. This fee might also
encourage people 1o not store their cars on the side of the road, freeing up space for the cycle track instead of
leaving the parallel parked cars and painting door zone bike lanes.

I also would suggest implementing what I'm calling “Car Storage Incentive Zoning (CS1Z)” or allowing
developers to build more, and not less, parking and to sell the parking to area residents who do not have off-
street parking spaces. This also would then free up road space for biking. In 1905, Manhattan was building

such parking garages for area residents. http://academiccommons.columbia.edu/catalog/ac¥%3A165000




I asked Legislative Aide, Collin Fedor, who works for State Representative Jeffrey Sanchez, if he could help
me understand the ruling about charging for parking. 1 was asking for clarification about the MAPC web site
that has this language. htip://www.mapc.org/resources/parking-toolkit/strategies-topic/residentialpermitparking

I would suggest that “the cost of providing the service (see below),” i.e., storing a car on the side of the road, can be as
high as $111 a year, as in San Francisco.

Permit Fees (from the MAPC website)

The residential permit programs in Massachusetts all have quite low fees, from free to $20 for the year.
Massachusetts state law regulates how much a municipality can charge for residential permits, limiting the price
of the permit to a statutorily-defined amount or the cost of issuing the permit. This means that the permit price
cannot be used to restrain demand for resident parking under current state law.

Collin Fedor found out the specifics of the MAPC text:

Apparently the info from MAPC’s website is correct, and stems from a court case in 1984: Emerson College v.
City of Boston (hiip://masscases com/cases/sic/391/391mass415.himl). In short, the case limiis the amount a
municipality can charge for a fee. it cannot exceed the cost of providing the service. Particular lines:

« With these considerations in mind, we turn to the guestion whether the AFSA charge is a fee. Fees
imposed by a governmental entity tend to fall into one of two principal categories: user fees,
based on the rights of the entity as proprietor of the instrumentalities used, Opinion of the
Justices, 250 Mass. 581, 597, 148 N.E. 889 (1924), or regulatory fees (including licensing and
inspection fees), founded on the police powsr to regulate particular businesses or activities, id.
at 802, 148 N.E. 889. See Boston v. Schaffer, 9 Pick. 415, 419 (1830); P. Nichols, Taxation in
Massachusetts 6-0 (3d ed. 1938). Such fees share common traits that distinguish them from taxes:
they are charged in exchange for a particular governmental service which benefits the party
paying the fee in a manner "not shared by other members of society,” Naticnal Cable Television
Ass'n v. United States, 415 U.S. 338, 341, 94 S.Ct. 1146, 1149, 39 L.Ed.2d 370 (1874); they are paid
by choice, in that the parly paying the fee has the opfion of not utilizing the governmental
service and thereby avoiding the charge, Vanceburg v. Federal Energy Regulatory Comm'n, 571
F.2d 630, 644 n. 48 (D.C.Cir.1977), cert. denied, 439 U.S. 818, 89 S.Ct. 79, 58 L.Ed.2d 108 (1978),
and the charges are collected not to raise revenues but to compensate the governmental entity
providing the services for its expenses
Fees generally are charged for services voluntarily requested.

+ Fees are legitimaie to the exient that the services for which they are imposed are sufficiently
particularized as {0 justify distribution of the costs among a limited group {the "users," or beneficiaries,
of the services), rather than the general public.”

+ That revenue obtained from a particular charge is not used exclusively to meet expenses incurred in
providing the service but is destined instead for a broader range of services or for a general fund, "while
not decisive, is of weight in indicating that the charge is a tax."

So, the MAPC site is a bit confusing. If seems like the state doesn’t necessarily have to approve a fee for a
parking permit, but it limits the fee to the amount it costs to provide the service.
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Evaluating the Safety Effects of Bicycle Lanes in

New York City

i Li Chen, MS, Cynthia Chen, PhD, Raghavan Srinivasan, PhD, Claire E. MeKnight, PhD, Reid Ewing, PhD, and Matithew Roe, MS

* Bicycling is & healthy, environmentally friendy
slternative to automobile use®? Yet, in the
United States bicycling is primaily considered
a recreational parsuit rather than a means of
ufffitarian fravel. Among the nealy 140 million
commuting trips 1nade every day, slightly less
than 0.5% are made by bicyde.® OF trips for ol
purposes in the United States, only 1% are made
Yy bicycle® Approximately 25% of &l trips
made are less than 1 mile, and 75% of threse

-———d&eﬁhﬁpsm&d&ﬂﬁﬂi@ﬁ%ﬁhﬂ%m ;

Obfectives. We evaluated the effects of on-street bicycle lanes installed prior
to 2007 on different categories of crashes {total crashes, hicydlist crashes,
pedestrian crashes, multiple-vehicle crashas, and injurious or fatal crashes)
accurring on roadway segments and at intersections in New York City.

Methods. We used generalized estimating equation methodalagy to compare
changes in police-reported crashes in a treaiment group and a comparison
group before and after installation of bicycle lanes. Qur study approach allowed
us to control confounding factors, such as built environment characteristics, that
cannot typically be controiled when a comparison group is used.

Resufts, [nstallation of bisycle lanes did not lead to, an increase in crashes,
despite the probable increase in the number of hicyelists, The most likely

these short trips were made by acfive modes
such a5 walking or cyding, more people would
reach the recommended 150 minutes of mod-
evate-ntensity physical activity per week (at
present, fewer than 5% of adults engage In this
arnetmt of physical activity” ). Integrating phys-
fcal activity into daily routines such as bicycling
to work® would also lead to sustained increases
in habitual physical activity.”

The health and environmental benefits of
oycling sre clear and significaut. However, bi--
cydlists ave volnerable in that they shave the same
roadway with mnotorized vehicles, At interdec-
tions, they must maneuver their way through
conflicting vehicular movemnenis i they need o
meke a turn. Indeed, safety is & major concern
that discotrages people from bicycling® When
a arash oceurs, bicydlists are much mare Bkely
than motor vehicle users to sustain an Injury, and
the Injury is likely to be more severe. Therefore,
there is a need to gain 2 full understanding of
the factors assodated with cycling safety, partic-
nlarly becanse many Amnerican citfes are install-
ing extensive bicycle lane networks to encourage
the use of cycling for commutes®

Studies of the safety effects of bicytle lanes
in the United States date back to the 1970s,
Some of the early studies, based on self-
reporied data from surveys of bicyclists or
police reports, compared bicycle crash rates on
diffevent types of roadways such as roads with
or without marked bicycle lanes and offroad
frafls. These studies reported lower bicycle
crash rates on roads with bicyde lanes than on
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explanations for the lack of increase In crashes are reduced vehicular speads
and fewsr conflicts between vehicles and bicyclists after_instéllation of these
lanes. .

" Conclusions. Our results indicate that characteristics of the bullt environment
have a direct impact on crashas and thst they sheuld thus be controlled in
studies evaluating traffic countermeasures such as bicycle lanes. To prevent
crashes atintersections, we recommend installation of “biké boxes" and markings
that indicate the path of bicytle lanes across intersections. {Am J Public Heaith.

Toads without suzch lanes 7 However, cau-
sality carmot be inferred from these neighbor-
hood-level studies because of confounding fac-
tors. Results from studies conducted at the
roadway segment or intersection level have been
mixed 1820

A major lmitadon of the existing studies is
their fack of a rigorous quasi-experimental design

that fncluded a treatment proup and a compari-

son group and that compared crashes in these
groups before and after the installation of bitydle
lznes®! Areport published by the Transportation
Research Board and the Institute of Medicine
descitbed the existing erature on the built
environment and physical activity as follows:

(bflost of the studies conducted to date have

been cross sectional Yengitudinal stndy designs

using time-sedes data are also needed to in-

vestigate eausal relationships between the buille
environment and physiral activity.2257

The report went on to state that
fwihen changes are made to the bt eaviron-

ment—whether retrofitting existing eaviron-
mienls or constrieting new developments or

2012;102:1120-1127, doi:10.2106/AJPH.2011.300319)

communities—rasearchers showld view such nat-

trsl experiments as ‘demoistration’ projecis and

analyze thelt iropacis on physical activity 226229

The same limitations apply to later stidies

evaluating the impact of the instellation of
bicycle lanes on safety. In & before—after study
of bicycle lanes on arterial roads in Madison,
‘Wisconsin, Smith fonnd an inereage in bicyclist
crashes on the 2 roads with bicycle lanes;
however, the increase was Jnsignificant relative
to the increase in city-wide bicychist crashes
observed® Increases in crashes were alse found
In a before—after study of bicycle lanes in Oxford,
England® To owr knowledge, only 1 before—
after study involved the use of both a treatment
group and a comparison group to evaloate the
safety impact of bicyde lanes*® This study,
which focused on bicycle lanes installed
Copenhagen, Denmark, between 1988 and
2002, revealed increases in most types of
crashes and injuries on roadway segments and at,
intersections with bicycle Janes; however, none
of these inmeases were significant at the 5%
level.

Ametican Journa! of Public Heafth | Juse 2032, Vol 102, No, &



Using @ guasi-experimental design that i-
cluded a treatment gronp and a comparison
group, we conducted a before—after analysis -
of 43 miles of bicycle lanes installed in the 5
boroughs of New York City from 1996 through
2006. The city's 5 boroughs vary greatly in
built environment characteristics,™ and this
lerge variation helps strengthen the validity of
our model resntts. We nsed generalized estimat-
ing equation (GEE) methodology™* to account
for eorrelations within repeated observations and
to control factors (eg, built environment faciors)
that could not be controlled through the use of
a comparison group.

METHOBS

We used a 2-stage design. In the first stage,
we identified a comparison group com-

———prising fecatioswithout bicyde Tares but withh—of their distinct matures- Intersectivnsare

segnent- or intersection-level characteristics
comparable io those of the treatment group.
The frestment group consisted of roadway
segments in New York City where on-sireet
bicycle lanes (not protected by a.parking lane)
had been installed from 1996 throigh 2006
{a totel length oF about 43 miles on 61 streets).
Data cn the dates during which bicycle lanes
were nstalled and the locations of the bicycle
lanes were aveilable for each segment.

‘The dependent variable was police-reported
crashes gecinTing on a roadway segment (a
contintous section of roadway uninterrupted
by & cross road or.an hntersection) or at an
intersection. We distingnished amnong 5 cafe-
gories of crashes: total crashes, multiple-vehicle
-crashes (crashes involving multiple vehicles but
no bicydists or pedestians), bicydlist crashes
{e.g. vehicle—bicyde collisions), pedestrian
crashes (vehicle—pedesirian collisions), and in-
jutous or fatal crashes (crashes that eansed at
least one injury or fatality).

For each category of the crashes described

above, we caleulated 2 categories of crashes for -

each segment or intersection: crashes within the
B-year period before the installation of bicycle
lanes and crashes within the 2-year period after
installation. Becanss a crash 3 a velatively rare
event, use of the 5-year period before installa-
tion allowed us to captwe more stable trends,
Conversely, our use of a shorter period after
installation allowed us to inclade more treshnent
group sites, hecause crash data were available
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only np to 2008; thus, use of 2 5-year post-
nstallation peried would not have allowed us
to evaluate bicycle lanes installed in 2003 or
thereafter. We nsed an offset variable to control
for differences in the length of the before and
after periods,

In the second stage, we used GEE method-
ology to apply Poisson and negative binomial
regression models to the data set consisting of
ohservations in the treatment group and the
comparison group before and after the instal-
lation of bicycle lanes. We evaluated the safety-
related effecis of bicycle lanes in the iveatment
group via the toefficients estimated from the
models.

Contiols
‘We examined crashes on roadway segments
and crashes at infersections separately because

by applying frequency-matching techniques to
resemble the joint distribution of segment-fevel
variables and the geographic disribution of
the trestment group. After we identified each
subset of the treafment group with a corre-
sponding set of locations without bicycle Ianes,
we combined these untreated locations into
the segmentlevel comparison subgroup.
Mauy of the bicycle lane segments in the
treatment group were part of long corridors,
whereas those in the comparison group were
move likely to be scattered around the city.
Therefore, we manually selecied roadway
segments that were parallel to those in the
treatment group and added them to the com-
pavison group. These procedures resulted in
a segment-level subgroup of 1526 segments,
corresponding to 579 bicycle Iane segmenits.
From the segment-level comparison sub-

h:gh ~risk locations for bicycle~vehicle colii-
sions as a result of conflicts between bicyclists
and motor vehicle users.2® For this reason,

we divided our coroparison group infe 2 sub-
groups: a sepmentlevel mbgroup and an ;-
tessectiondevel subgroup.

Our selection of the segment-level subgroup
was based on 3 segmeni-level factors that have
been found to have a significant impact on
crashes: -way versus 2-way roads,® divided
versus tmdivided roadways (f they are 2-way
roadways) =7 and niuber of travel lanes.28%°
Table 1 shows a comparison between the: treat-
roent group and the coraparison group with
regard to these characieristics. We further con-
trolled the geographic distritation: of the com-
parison group locations to resemble the distd-
bution in the freaiment group.

Because bicydle lanes were installed over
a peviod of move than 10 years (from 1996
through 2006}, the frestment group comprised
bicycle lane segruents instelled in different
years. In other words, the before period and
the after period for different bicycle lane
segments were different, although they were
of the same length. As an example, the S-year
before period and the 2-year after period for
bicycle lanes installed iz 2000 were 1995 to
1899 and 2001 to 2002, respectively.

As aresult of these differences, the ireatment
group was divided into nudtiple subsets de- -
fined by the year of Installation. For each
subiset, we selected a set of vitreated locations

gwup. we identifredrsecond; - intersections:
level subgroup. We used contral type (signal-
ized or not)* and the number of roadway
segments {arms) at the iniersection,””*® both
of which havé been found to have a significant
effect on crashes et intersections, to select the
intersectiondevel subgroup. A comparison, of
these athibirtes is shown i Table 1. We
applied the same set of procedures just described
o generate this comparison subgroup, which
comnprised 1853 intersections, corresponding to
578 intersections in the treatment groap.

Model

We combined the identified sepment- and
intersection-level subgroups with the torre-
sponding treatment group to generate 2 data sets,
one for segmentlevel crashes and the other for
Intersection-level crashés, We then used the GEE
method to apply Poisson or negative binomial
rmodels to these data sefs, We used the Wald test
to determine whether there wes overdispersion
in the orash data. If the crash daia were over-
dispersed, we used the negative binomial
model; otherwise, we applied the Poisson

- model. For the dependent variable {number

of crashes during a period), each segment or
Intersection had 2 measures: erashes during
the 5-year period before the installation of
bicycle Ianies and crashes during the 2-year
period after the installation. The GEE method
was applied to control correlations within
repeated meastves for crashes at a location in
the before and after periods.
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represented the difference in crashes from the
TABLE 1--Matched Chamcteristics of Locations in the Treatment Group and the before period to the sfter period for the freat-
Comparlson Group: New York €ity, 1986-2006 ment group versus the comparison group.
" Treatment Group, No. (%} Comparison Group, Ho. %) 1 his been hypothesized in previous rescarch
that higher levels of expomure (for example, more
. Segent eharacteristics : vehide traffic, pedestrians, end bicyclists) and
Segmenls by borough more conflicts (nore conflicting movements be-
Manbattan 80 (138) 259 (14.0) tween different road users) are associated with
Brinx 91 (15.7) 285 {14.8) a higher number of ashes® Therefore, we
Braoklya @1y 940 (48.8) entered a set of neighborhood-level and site-level
Queens 135 (233) AReesn {segment or intersection level} variables in the
Staten Jsland 0 {08 1oLy model to control exposure and conflicts. At the
Type of radway neighborhood level, we used daytime population
Lway ) 288 {48.7) . 918 (30.8) -density, retatl density, and bicycle trip density to
2y 201 (50.3) 9471 (40.9) acoount for vehicular and bicydlist traffic expo-
Diided roadway : sures. We caleulated daytime population densify
Hp ; 502 (8.7) 1702 (88.4) as the munber of residenis who live in a census
Yes 17 {13.3) 224 {116} tract plus the number of people whe work in the
No. of fravel fanes _ _ -eensus-tiaetbutliveelsewheredivided by the————
i " 317 (547} : 1067 (55.4) * total census tract area. We calonlated retail
2 212 (36.6) 689 (35.8) density as retail land use area divided by total
3 14 {28 ' 47 2.4) . - census tract area. Finelly, we calafated bicyde
& 3052 , 101 (5.2} . trip density as mumber of bicycle commuters
25 6(L0) ' . 2{L1) divided by total census tact road length.
Total - 579 {100) ‘ 1826 (100) Site-level covariates included the presence
. , . Intersection charagteristics S - of bus stops-or parling on road segments,
Intersections by bosugh o ' ' whether the segment was on a tiuck route, )
Manhattan - BT {168) 236 (14.3) control type (signalized or not), and the nizmber
Bronx 85 (16.4) 21 Q34 of arms at the iatersection. These varisbles were
Brogkim 278 (48,1} £52 (51.5} inchuded to account for conflicts between bi-
Queens . 108 {187} " 344 {20.8) cyclists and motorized vehicles.

Staten lsland: 0 {0.0) B 0.0) In addition, we included an offset variable in
Control type the model—the nwnber of years during which
Signalized 349 [§0-4} 965 (58.4) crash counts were. collected—io accommt for
Hl-vay stop 15 (26) 50 3.0 differences between the 5-year before period

Stop on minor road 107 {185) 332 (20.) and the Z-year after period. The coefficient of

No cantrol T T ss : 306 (18.5) the offset variable was restricted to 1, under the
No. of arms . assumption that crash counts would be pro-

3 _ 148 (25.5) 399 {24.1) portional to the length of the before and after

4 | 415 (71.8) 1218 (737 periods. To acconnt for the difference in

25 15 (28) 36{2.2) ’ crashes between different groups during the
Totat 578 {100} £653 (100) before period, we also added 2 dummny vari-
Vote. The treatment group eansisted of roadway segments in New York City where bicycle fanes had been instafled froms 1005 ables to the model fo alleviate the potential I
through 2006, The comparisen group comprised Jocations withoul bicycle lanes but with segment- or Intersectian-level regréssion-fo-mean effect, according to which
charat_:ieﬁsﬂm mmp_arable to those of the treatment group. The sim of the pefcer!tages for ihe different aumber of travel Iocations with more crashes during the before
tanes in the camparison group and ths treatment goup is 99.9 betause of rounding. period world be more likely to exhibita re-

duction in erashes than those with fewer

We mchided 2 dwnmy variables in the and B, available as a supplement to the online crashis in the before period.
model: one denoting the crash changes from version of this article at hitp://www.ajph.org)
the before perod to the after period in the The 2 coefficients associated with the 2 dummy ~ RESULTS
treatment group and the other denoting the variables for the treatment group (a) and the
crash changes In the comparison group. (Full comparison group (B were of primary interest. Table 2 shows the nomber of crashes in the

model specification {s available in Appendices A The contrast between the 2 coefficients (a - 5) S-year before period and 2-year after period
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pedestrian volumes because these data were
net available.

The abbreviated model results for segment-
and intersection-level crashes are shown in
Table 3. We used negative binomial models for
total crashes, multiple-vehicle crashes, pedes-
trian crashes, and injurious and fatal crashes
because we detected overdispersion in these
cvash types. For bicyde erashes, no overdis-
persion was detected, so we used Poisson
models. (Full medel results ave available in
Appendices A and B, available as a supplement
1o the online version of this article at http://

- www.ajph.org)

Tabie 3 shows the eflects of bicycde lanes
on segment-level aashes. The difference be-
tween aand b was negative for total crashes, -
multiple-vehicle crashes, pedestrian cashes,
and injurions and fatal crashes; ai the segment

for the treatment and comparisen gronps. At
the segment level, fotal crashes, multiple-veli-
cle crashes, pedestrian crashes, and injurious
and fatal crashes all decreased in both: groups.
There was a slight increase (1.29) in bieydist
crashes in the treatment group and a decrease
n the comparison group. At the intersection
level, total erashes, multiple-vehicle crashes,

Jume 2012, Val 102, Ne. @ | Amedcan Journai of Pudlic Health

TABLE 2—Roadway Crashes Before and After Installation of Bicycle Lanes, by Group:
New York City, 1996-2006
Befure Periad {5 Years) Hiter Perind {2 Years)
Crash Tyte Tatal fverage Tatal Average® Change,” %
Lrashes on segments
Total
Treakment grotp a7 0.2857 209 01885 -36.8
Companisan group 2164 (.2247 537 0.1394 -38.0
Vehicle crashes )
Treatment group 559 01831 137 0.1183 -38.7
Comparisan group 1511 0.1569 387 0.0853 -38.3
. Pedestrian crashes . .
Treatment proup 17 00604 43 60371 -38.6
Comparisen group 445 0.0463 118 0.0306 -339
Bicyels crashes
Treatment group 47 0.0162 10 0.0164 12
Compatison Eroup 112 0.0116 25 £.0065 449
—Injuties-or-fatetciashes
Treatment group 612 02114 © 153 0.1321 875 ,
Comparison graup 1504 0.1562 363 0.0842 -39.7
Crashes at intersectlons
Total . ’
Treatment group - 4577 L5837 1484 ., Lass T 184
Comparison group 13450 16273 ‘4104 12474 =233
Vehicle crashes _ : ’
Treatment group 338 11618 959 0.8382 978 -
Comparison group 10189 1234 2995 0.8848 T 23
Pedestian crashes
Treatment group 167 0.2654 333 0.2881 8.6
Comparison group n3 0.2678 B43 0.2550 -18
Ricyele crashes
Treatment group 317 0.1007 155 0.1341 222
Cotpansen group 680 0,6823 244 0.0738 -10.2
Injuripes of fetal crashes
Treatment group 3748 12969 1138 1.0346 -20.2
Comparison prelp 1086t 1374 . 35 0.9725 -26.2
Note. The eatment group consisted of roadway sigments in New York City where bicycls lanes had heeninstatled frz-lm
1886-20066. The comparison group comprisad Jotations withort bleycle lanes but with segment- or Intersection-level
characteristies comparable to those of the treatment group,
hrérage number of crashes per logation peryear »
PCrangs In average namber of crashes; -

and infurious crashes decreased in both groups. -
However, pedestrian and bicyclist crashes In-
creased i the freatment group end decreased
int the comparison group. The increases
observed were likely dneto higher exposure
levels as bicyclists took advantage of the
new bicycle lanes. We did not control for
before—gfter differences in bicyclist and

level;-crashes-decreased-more-inr the-frestment———

group than i the comparison group. For bi-
cydlist arashes, the difference between @ end
b was paositive, suggesting an increase in bi-
cyclist crashes in the treatment group after the
installation of bicycle lanes. However, the in-
arease wes not signifieatil at the 5% level.
Table 3 also shows the effects of bicycle

lanes on intevsection-level crashes. The differ- . -

ence between # and b was positive for &l 5
crash types, suggesting increases in crashes of
these types in the treatment group after the
installation of bicyele lanes. Again, none of
these increases were significant at the 5% level.
Few existing studies evaluating the impact
of bicycle lanes on safety have Included built
enviromnent atiributes. The estinated models
(Tebles A4 and AB, available as supplements
to the ondine version of this avticle at hitp://
wiww.ajphorg) show that most of the neighbor-
‘hoad-level variables were significant at the 5%
tevel. We calculated elasticities (the percentage
change in crashes in response {0 a 1% increase
int & given alivibute} to provide a better un-
derstanding of the roles that these built envi-
vonment characteristics play in crashes {Teble
4). An elasticity of 1 indicates that in response
to a 1% increase in a particular atiribute, the
percentage change in crashes is exactly 1%.
Daytime population density had the largest
effect on segment- and intersection-level arashes
{in particulay, pedestiian crashes). Every 1%
increase in daytime population density was
associated with a 0.738% ierease in
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segment-level pedesian crashes and a 0.474%
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than 0.2%%). Subway ridership did not appeer io .
have a large effect; it was not significant for

appeared to exert the smalfest effect. Elssticities
for buth were Jess than 0.19%, and the effect of
negligible. The effect of the density of bus stops
was larger for intersection-level crashes {with

most hovering avound 0.2%6} than for seqment-
level crashes (which were mostly much smalfer

tetail density on intersection-level crashes was

for semuenttevel:

creshes the calculated elasticities were mostly

S e gl i i

around 0.02%. One nelghborhood sociodemo-

graphic charatteristic, percentage of residents

Living below the poverty level, was significant
for intérsection-level crashes; the number of
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crashes appeared to increase as the percent-

age of the populdtion living below the poverty

level increased.

Our results indicate that the installation of

bicyele lanes does not lead to an increase in

. DISCUSEION

crashes despite: the likely increase in the mamber

of bieyclists after the addition of such lanes. Tn

fart, all crash fypes on segments where there are
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assodiation between the presence’of bicycle

‘lanes and bicycle volumes." %5 Based on

New York City's Commuter Cycling Indicator

(drawn from daytime bicycle vohmes entering

the ¢ify’s central business distriet), bicydle volume

increased during the study period, with a 51%
increzse from 1996 to 2006 and a 48% increasa

from 2006 to 2008 (the last years of the "after”

period). This increage occtured at the same
time as an expansion of the bicyde lane network,

supporting the conclusion that bicycle volumes
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incressed on these new bicycle lanes during

this period.
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treatment group but also for the comparison

TABLE 4—Elasticities of Neighborhcod-Level Covariates for Crashies on Read Segments and group
at Intersections: New York City, 1996-2008 There are a mumber of possible reasons
Meighborhood-Level Oowariate  Total  Vehle  Pedestlan  Bicycle Injudous or why we did not observe significant increases
Covariate Value Crashes  Crashes  Crashes Crashes  Fatal Crashies in crashes after the installation of bicycle
' though it is likely that bicyclist
erashes on seguments 1@85 eve_n ough i ‘ 1 cely icy: i
. o volumes increased significantly. Two pri-
Daytime populetion density® - D234 0.236 0.738 0331 0,316 gy .
mary pogssibilities are reduced vehicle speeds
hverage 52517 . .
because of an increased awareness of bi-
25Gth percentile 22498 . . '
. cyclisis or lane narrowing and reduced con-
a0th percentile 38437 3 . .
. flicts because of the separation of vehicles
75th percentile 57.924 -
Reiail densiy and bicyclists.
Crashes st intersections appearved fo increase,
fveraga 5,762 0.069 D063 0.040 e m . ap P . .
] B . . S although not significantly; in interpreting this
25th percentile 1,185 0.014 0.013 0.008 \ e .
. increase, it is important to nete that the bicyde
5Ol percentlle 3213 0.029 0.035 o022 . L. ]
. lanes included in this study were not designed
75th perentile 6.202 0.074 0.068 0.043 . .
. as intersection safety treatments and generally
Bis stop dersly ' did not involve design changes within inter-
Aueraga. 83682 0.159 0.143 0.101 0,025 0.163 P s . & .
. sections, For example, bicycle lanes discon-
254k percertile 47.143 0.020 0.080 0.057 0.014 0.094 . . -, - '
— tinue-atintersecions-and-thereare nolae————
50tk percentile 81386 183 0137 0.036 0.024 8.161 Tines at intersé ctions that'cm:'x‘ ide bi
T5th parcentile 115028 0218 0.196 0138 0.033 0.230 n‘gal. il ' g .
) " cyclists. We recommend 2 courses of action to
Average subway ridership 2688 0.027 0018 . . . .
. A ) increase the safefy of bicycling af intersec-
hyerage road bicycle tip densify 3261 0,026 0.062 . e e - - :
: e s “ tions. One is a “bike box,™an area reserved for
Grashes a ingpsaations - T - bicyelists to wait at a red Hght ahead of
- rn : . i a
Daytima {ation densil 0232 | 0334 0.474 0.210 0.201. . . .
a,;z; population densit SLATH - : ] vehicular traffic. The bike box is defined by
™ geémentile - 28:3 @ . - a second stop line painted on the road ap-’
AP . " . : . -proximately 10 to 15 feet in front of the stop
50th percentile 44,831 : E EEREIE . BE Rt g s
) ) - line for cars.”® When bicyclists encounter ared
T5th percentile 68.167 B . - . .
: : Hght at an intersection that has & bike box,
Parcentage below poverty fevel LT . . -
they can waif between the two stop lines, in
fverage 0.267 0.116 0,144 0,124 0.175 . . .
front of the cars in their lane of traffic. This
25th percentile 0122 0.053 0.066 0.057 0.080 . . the visibility of bicyclists stoppi i
: il
50th percentile 5244 0106 043 D14 0.160 Increases fhe visibilly of bicy OPPISE
) red lights and allows them to clear the in-
15th percentile 0382 0.166 0.265 177 0.250 . .
fetail densily . tersecton before vehicular traffic does, thus
I . *
. . reducirig conflicts.>” Our other recommenda-
Ruerage 7:684 0,008 .. o e e
251t aercentie foo1 0002 tion js that markings indicating the path of the
pereEn ' ! . bicycle lane across the intersection or other
50th percentile 4.281 0.004 ) . .
75t peroentile . 8368 0,008 ' intersection treatments be added at intersec-
pefcer : ’ o tions to reduce conflicts. 2849
Bus stop censly ' Our results indicate that characteristics of
fverage 97.062 0165 0116 0.223 0233 0475 the bulkt envi nnmen: <hould be included in
25th percentile 60533 0403 0013 043 0.045° - 0.09 SB;" o d_:: Bult ot e]ft’zm?b et
B0th persente o177t 056 0M10 o214 0220 0.165 ety shucies. Builk envivonment aeribues
. have been Jargely excluded in existing shidies
75th percentile 127898 0217 0453 0.294 0.307 0.230 , . 1820
. . \ assessing the effects of bicydle lanes.”™™ The
fvzrage road bicycle trip density 4.395 0040 {.088 o . N
significance of these variables in our models
*Indepandent of the value of ttis vadable hased on the model spectfication. Fnpty cells for some covarfates Indicate that the Indicates that the mere use of a comparison
covarigte I Aot in"the model for the spacific crash fype. group is often not sufficient to ensure between-
group similarity.
Our 2-stage approach offers a number of
In other words, if we could have properly reduction in crashes in the treatment group, advantages aver Jensen’s study,*® seemingly the
conirolled for differences in bicyclist volurnes,  This also points to the need to collect before-  only previous sindy assessing crashes in both
ve might have observed a significant and-after bicyele volume data not oudy forthe  a treatment group and a comparison group
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before and after installation of bicycle Janes. First,
when a potentisl confounding factor is contim-
ons, it is typieally converted info a categorical
varigble for frequency matching when a com-
parison group is selected, and such conversion is
often arbitrary. Secand, although all potential
confornding factors can be applied in the selec-
tion of the comparison group, this process
usually results in a sample that Is too small
to alfow useful evaluations. Finally, if con-
founding factors ave used in selecting a com-
pavison group, the effecis of these factors can
1o longer be guantified. The second-stage
regression models we applied controlled for
factors that conld 1ol be controlled when
selecting a comparison group, quantified their
effects on crashes, and accounted for repeated
Mensures.

— Insummery, our study, involving 2 vigorous. 1. Bassett DR Jr, Pucher ], B

article. (. E. McKnight nesisted with literatire review and
reviewed the article. R. Ewing particpated in the
literature review and reviewed the article. 3L Hee
essisted with deta collection and reviewed the study
results.
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Risk of injury for bicycling on cycle tracks versus in
the street

Anne G Lusk,' Peter G Furth,? Patrick Morency,** Luis F Miranda-Moreno,®

Walter C Willett,"® Jack T Dennerlein’®

ABSTRACT

Most individuals prefer bicycling separated from motor
traffic. However, cycle tracks (physically separated
bigycle-exclusive paths along roads, as found in The
Nethertands) are discouraged in the USA by engineering
guidance that suggests that facilities such as cycle
tracks are more dangerous than the streef. The objective
of this study conducted In Montreal {with & longstanding
network of cycie tracks) was to compare bicyclist injury
rates on tycle tracks versus in the street. For six cycle
tracks and comparable reference streets, vehicle/bicycls
crashes and heaith record injury counts were obtained
and use counts conducted. The relative risk {RR) of injury
on cycle tracks, compared with refergnce strests, was
determined. Overall, 2.5 times as many cyclists rode on
cycle tracks compared with reference streets and there
were 8.5 injuries and 10,5 crashes per million bicycle-
kitometres. The RR of injury on cycle tracks was 0.72
{90% CI 0.60 to 0.B5) compared with hicycling in
reference strests. Thess data suggest that the injury risk
of bicycling on cycle tracks is less than bicycling in
streets. The construction of cycle tracks should not be
discouraged.

Bicycling could address obesity, cancer, stroke,
diabetes, asthma, mortality and poHution;1 :
however, the bicycling environment is a limiting
factor. The predominant bicycle facilities in The
Netherfands and Denmark are cycle tracks, or
bicycle paths along streets that are physically
separated from motor traffic, bicycle-exclusive and
with a parallel sidewalk?® Due to the separation
from vehicles afforded by 29000 km of cycle tracks
in The Netherlands plus other initiatives;,” 27% of
Dutch trips are by bicycle, 55% are women, and the
bicyclist injury rate is 0.14 injured/million km.® In
the USA, 0.5% of commuters bicycle to work, only
24% of adult cyclists are women,® and the injury
rate of bicyclists is at least 26 times greater than in,
The Netherlends.” The chief obstacle to bicycling,

especially for women,” children® and seniors® is

pexceived danger of vehicular traffic. This perceived
danger from cars appears to be real,'® as corrobo-
rated by survey participants who prefer cycle tracks
over roads.!!

Cycle track construction has been hampered in
the USA by engineering guidance in the American
Association of State Highway and Transportation
Officials (AASHTO) ‘Guide for the development of
bicycle facilities’™ which cautions against building
two-way paths along, but physically separated
from, a paralle] road. AASHTO states that sidewalk
bikeways are unsafe and implies the same about
shared-use paths parallel to roads, listing numerous
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safety concerns and permitting their use only in
special situations. Cycle tracks, which can be one or
two-way and resemble shared-use paths, are not
mentioned in the AASHTO bike guide. A long-
standing, and yet not rigorously proved, philosophy
in the USA has suggested instead that ‘bicyclists
fare best when they behave as, and are treated as,
operators of vehicles™ The details about cycle
tracks in the Dutch bicycle design manual CROW?
and crash rate comparisons between the USA and
The Netherlands 3 have been dismissed by vehicular
cycling proponents,™ with arguments of non-
transferability to the American environment. Cycle
tracks have been controversial, especially due to
conflicting studies with warnings of increased crash
rates.’S The warnings, which in the USA result in
striped bike lanes but not cycle tracks, come
without any substantial study of the safety of
North American cycle tracks, Using existing crash
and injury data from Montreal, Canada, a city with
a network of cycle tracks in use for more than
20 years, this study compared bicyclists’ injury and
crash rates with published data and bicyclists’
injury rates on cycle tracks versus in the street.

METHODS

We studied six cycle tracks in Montreal that are
two-way on one side of the street. Each cycle track
was compared with one or two reference streets
without bicycle facilities that were considered
alternative bicycling routes. One reference street
was a continuation of the street with the cycle
track; the remaining streets were paralle]l to the
cycle track with the same cross streets as endpoints
and, therefore, subject to approximately the same
intersection frequency and cross traffic as the cycle
track.

Injury and vehicle/bicycle crash rates per
hicycle-kilometre

The injury and crash rates for each cycle track were
determined frorn the emergency medical response
(EMR) database ¢ and police-recorded vehicle/
bicycle crashes and estimated on the cycle tracks
per bicycle-km. Automated 24-h bicycle counts on
Montreal cycle tracks are available for selected
years, with 20—64 days in each sample from May
to September. We used linear interpolation between
the 2000 and 2008 samples to determine average
daily use for the date ranges of the injury and crash
counts. Average daily use was converted £o annual
use by multiplying by 200 ‘effective days’ in the 1
April to 15 November bicycling season (when
seasonal cycle tracks are open), recognising that
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bicycle use tends to be less in April, October and November than E
in the sampled months. Use estimates were converted to bicycle- g2
km by multiplying by segment length and the fraction of the EE
cycle traclk’s length ridden per cyclist. This fraction, which EEl2 oI N o2 o2 =
ranged from 0.6 to 0.9, was deterrnined using expert judgement G E - -om"
considering the cycle track length and opportunities for turning £
on and oft. ’EE
Relative Risk {RR) of injury for cycle tracks §_§ ~ @ ;e = e Iy
The RR of the cycle track compared with the reference street Sl I T
was estimated using bicyclist counts and injurles from the EMR w
database.’® Although injury (EMR) and bicycle/vehicle crash 2%
data from police records overlap sti’on;gly, the injury data have E8l7 IR S S g
been shown to be more exhaustive!” and were avatlable for
a longer period. Injury counts were determined for the 1 April to W
13 November bicycling season and within 15 m of each street Egle @ = & = o =~
. a1s . . = (3] o = — 1= o ]
centerline. For comparability with exposure data, it was =5 = =
important to exclude individuals injured at intersections who e
may have been riding on a cross street; however, the EMR 8o
database does not indicate which street the injured cyclist was EE“
using. Therefore, using the police crash database we determined 2 % TR R R - R -
for each section studied the fraction of bicyclefvehicle crashes MIje - &8 & &8 5 <
invelving cyclists who were riding on cross streets, and reduced @
injury counts by that fraction. E‘g
Historical bicycle counts were available for the cycle tracks :g&l.
but not the reference streets. To obtain zn unbiased measure of T8I B 2 & § 8 &
relative exposure, simultaneous 2h bicycle counts were i e - e
conducted at parallel counting sites on each cycle track and its . =
reference street(s). Using a ratio of simultaneous counts elimi- BE gg
nates systematic effects on bicycle use such as weather, time and 58|18 3 8 2 3 2 § 8
day. The simultanecus counts were made during mild weather %%
commuting hours in 2009. E o3
The RR of injury for each cycle track was calculated as: £l a w o o~ g P ®
iniuries, “=r - - ™ % E é -y
RR = e, . ) 8 o5 %
mjories,y g ¥ g g 5 =3
= X = & 8 2 B -5
where injuries, ., and injuries,.; are the count of injuries on the é E ‘§ % 5 ‘§ 5;‘ E £8
cycle track and reference street(s), respectively, and bikes,g, and § 2 £ £ g £ £ . % %E
bikes;. are the corresponding cyclist counts. = e - Sto o 2 B Beld
Ninety-five percent CI were calculated using the variance of  £| |8 Segws & $e E 2Eys
log(ratio} based on a Poisson distribution for incidents. CI that Eg % g2 E = Exg g E = E £LER
did not include 1 were considered statistically significant. RR for 2| & % & S 22 .% £ £ = = £ 523
all cycle tracks was calculated similarly using the sumred data é @8 282F8 & £R 5 g.; = E
from all the observations. g a%§ z2F -
= s mB%Ee
Relative danger from vehicular traffic = s % % W % % §% §a5-8
Reference streets were selected with vehicular traffic danger 3 § £ = g g 05 g R % é{f:’: $¥
(volume, speed, heavy vehicles) as similar as possible to their @ = B OF O B B SETgsE g
cycle track; however, it was impossible to achieve exact simi- © I I % 3 % % SEEE8E8E
larity. Therefore, to compate the vehicular traffic danger, we 5 8 E E 2 8 E E EE; 28s %lg
also caleulated the ratio of motor vehicle occupant (MVO) 8 - _§ e @ % s o = p § - 7“'); gf g i 3
injuries on the cycle track street to MVO injuries on the referr 21 €| =g @ T %z B i FE B E g‘gé 3253
ence street. MVO injury counts are considered a surrogate for & B| =8 ::f‘: :;% ;-E :E :.f $EC E%E Ee
traffic danger a bicyclist might face on a given street apart from 5 E({SESE=ES3=E=E |3 SEEZEES
any treatment. = A Eg-gggég%
E= - = ZEg8Eg o0
esuts o e Y5, g
Al six cycle tracks were two-way on one side of the street and 5 2 s o & BT TE
sepatated from traffic by raised medians, parking lanes, or =| |8 % E g §§ 588 = i“:— E
delineator posts. There were 8.5 injuries and 10.5 crashes per = E E T _ 588 I P % sgz LR
million bicycle-km. The Brébeuf and Maisonneuve cycle tracks J| Z|E 8 § E8 & & §§ 22885
stand out as safer than the other four (tzble 1). Bl &le o w <88 o F(|FrEEeTE oo
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Table 2 BR of injury for cycle tracks compared to similar on-street routes for Montreal, Quebec®

Cycle tragk Referance street
2-h EWNR- 24 ENMR-
Length bike reported bike reported
Cycle trackt Reference streetd Limiting cross streets {kem) count injuries§ count injuriesh RR {95% C0Y
1, Breheuf St Denis {N} Aachel — Laurier 140 1133 37 537 32 .42 [0.28 to D.6B)
7. Rachel Mont Boyal St Urbain — Marguette 35 930 120 613 63 1.18 {087 to 16O}
3. Berrd 5t Danis (S) Cherrier — Viger 1.4 763 14 134 21 0,48 {i,31 ta 0.75)
4. Maisonapuve Both Claremoat — Wood 13 547 18 176>* 18 0.32 {0.17 1o D.62)
Sherbrooke [W) 128 14 0.30
Ste Cathering 47 4 .39
5. Christaphe Colomb Both Gouin — Jamy a1 487 -3 122 19 1.01 {D.B1 ta 1.68)
Saint-Hubert 45 9 0.7
Christophe Colamb {5} Villeray — Rosemont 2.3 77 i0 1.21
6. René Levesque Sharbraoke (E} Lorimier — St Hubert 1.3 108 21 130 32 1.07 {0.6Q to 1.68)
Al 15.1 4053 a0 1612 10 0.72 {D.6D) to ©.85)

*Statistically significent companisans are shown in beld,
T Al cycle tracks are two-way on one side of the strest,
$An on-strest bike route on a paralls! street in close progimity of the cycle frack.

§injuries recorded by emergency medical responss (EMR) services between 1 April 1899 and 31 July 2008 for the seasen 1 April to 15 November.

995%C| calculated using the variance of log{RR} based on a Poisson distribution.

**For compansens having two refersnce strests, the total number of bicyelists is used from baoth strests.

Compared with bicycling on a reference street, the overall RR
of injury on a cycle track was 0.72 (95% CI 0.60 to 0.85); thus,
these cycle tracks had a 28% lower injury rate. Three of thecycle
tracks exhibited RR less than 0.5, and none showed a signifi-
cantly greater risk than its reference street. Overall, 2.5 times as
many cyclists used the cycle tracks compared with the reference
streets (table 2},

The relative danger from vehicular traffic of the cycle tracks
compared with their reference streets was close to 1.0 overall,
but with a wide range (table 3). Not surprisingly, the Brébeuf
and Maisonneuve cycle tracks with lowest crash rate and rela-
tive injury risk (tables 1 and 2} also had the lowest relative
danger from vehicular traffic (table 3). Yet even for the four cycle
tracks on streets with vehicular traffic danger similar to or
greater than its reference street, the cycle tracks still had less or
a similar risk of injury.

DISCUSSION

Contrary to AASHTO’s safety cautions about road-parallel
paths and its exclusion of cycle tracks, our results suggest that
two-way cycle tracks on one side of the road have either lower

Table 3 Relative danger from vehicular traffic*

or similar injury rates compared with bicycling in the street
without bicycle provisions. This lowered risk is also in spite of the
less-than-ideal design of the Montreal cycle tracks, such as lacking
parking setbacks at intersections, a recommended practice,'®
While the goal of this study was to consider both one and two-
way cycle tracks, all of the Montreal cycle tracks were two-way
with half the bicyclists riding in a direction opposite to that of
the closest vehicular traffic, a practice not favoured by AASHTO.
Although the Montreal cycle tracks were two-way, they had

lower or similar risk compared with the road. The Dutch CROW

bicyc:!]e guidelines suggest that one-way cycle tracks are even
safer,

The crash rate for Montreal’s cycle tracks (10.5 crashes pet
million bicycle-km) is low compared with the few and incon-
sistent crash rates in the literature. When calculated to include
only vehicle/bicycle crashes, these rates range from 3.75% to 54%
in the USA and from 46%° to 672! in Canada. The injury rate (8.5
infuries per milllon bicycle-km} lacks comparable data in the
literature, partly because few communities have accessible
bicycle-incident ambulance records, Although the Brébeuf and
Maisonneuve cycle tracks were safer, the sample of six cycle

BAVE injuriest

Eyale track Reference Relative traffic danger of cycls
Cycle track strest Baference stroet street street track street {95% CIJ$
1. Bréheut St Danis (N) B 80 0.09 {0.04 ta 0.18}
2, Bachel IAont Royal 86 g4 1.25 {0.81 to0 1.73)
3. Beri 5t Denis (S} 127 116 1.09 {0.85 10 1.41)
£, Matsonneave Bath 13 59§ 0.22 [3.12 tc 0.40)
Sherbrooke (W) 72
Ste Catherine 48
5. Christoghe Colomb Both 3687 2118 1.69 (.43 10 2.00)
Saint-Hubert 268
Christophe Colomb (S) 168
8. René Levesque Sharbrnoke (E} 196 205 0.6 {0.79 to 1.16)
All Alt 7497 756 1.05 {0.95 to 1.6

*Statistically significant comparisatis are shown in bald.

thnjuries ta metor vehicle occupanis recorded by emergency medical response {EMR) services betwesn 1 January 1999 and 31 Jufy

2008.

$85% LI caltulated using the variance of log{RR) based on a Polssen distibution.
§For camparisons having twe reference streets, the average number of injuries of the refarence strests is used.

V0, motor vehicle ocrupant,

Tial 47 Foth PG Marenre Boat &l fivere Peevantion (2707111 dnis1N 1496880 2010 N7RRAR
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Table 4 Crash RR from Wachtel and Lewisten® data with non-intersection crashes included®

Sidewalk

Readway

All BR, sidewalk versus

Riders Crashes Riders Crashes Riders Craskes in-street {95% Cl}f p Valwef
Intersection only§
All cyelists 97t 41 2005 48 2876 89 1.76 {1.16 10 2.68) 0.01
Bicycfing in same direction 656 i3 1697 43 2553 56 (.87 (.47 10 1.63}  0.56
as closest traffic lane
All crashesq
All cyciists 971 41 2005 79 2978 120 1.07 (0,73 to 1.58} 079
Bicycling in same diraction $56 13 1887 71 2553 84 (.53 {0.29 ta D.96) 0.02

as clesest traffic fana

*Statisticelly significant companisons ate shown in bolgd.

+95% Ci calculated using the variance of fog||RR) based on a Poisson distribution.
$Significance, caleulated using the variance of lagliAR) based on a Poisson distrdbution {for comparison with original article).

FAuthers™ oniginal data.

hon-intersection crashes amounting te 26% of total crashes added to roadway crashes.

tracks was too small to determine which factors make some
safer.

In one of the few comparisons of bicycling in the street versus
bicyeling on a separated path parallel to the strect in the USA,
Wachtel and Lewiston™ determined a relative crash risk of 1.8
for bicycling on sidewalks which had been designated as bike-
ways, compared with bicycling in the adjacent street in Palo
Alto, California. However, their study considered only intersec-
tion crashes, omitting non-intersection crashes that include
being hit from behind, sideswiped, or struck by a car door. The
authors, though, reported that 26% of cyclist—motor vehicle
collisions city-wide in Palo Alto were non-intersection crashes. If
non-intersection crashes are included to match this 26%
proportion, reanalysis of the Wachtel and Lewiston® data in the
article shows that there is no significant difference in sk
between the sidewalk bikeway and the street (table 4). For
bicyclists riding in the same direction as traffic, as would be case
with one-way cycle tracks, sidewaik bikeways carried only half
the risk of the street, Therefore, the Wachtel and Lewiston®
data, when corrected to include non-intersection crashes,
corroborate our findings that separated paths are safer or at least
no more dangerous than bicycling in the street. Furthermore, as
the most common cause of fatal bicyclist collisions in urban
areas is overtaking,?® it is probable that an analysis accounting
for the severity of injury would be still more favourable towards
cycle tracks.

Qur study considered whole segments of cycle tracks and not
just intersections, measured bicycle exposure directly, and
included appropriate comparison groups. The study, though,
only included analysis of six cycle tracks, all of which were two-
way and in the same city, and lacked injury severity data. This

» Individuals, in particular women, children, and seniors, prefer

to bicycle separated from motor traffic.

Cycle tracks (physically-separated bicycle-exclusive paths

aleng roads} exist and continue to be built in The Nethertands

where 27% of all trips are by bicycle and 55% of bicycle riders
are fernale.

» Engineering guidance in the United States has discouraged
bicycle facilities that resemble cycle tracks, Including parallel
sidepaths and sidewalk bikeways, suggesting that these
facilities and cycle tracks are more dangerous than bicycling
in the street.

>
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» Overall, 2 2 times as many ¢yclists rode on the cycle tracks
compared with the reference streets.

» There were 8.0 injuries and 10.5 crashes per million-bicycle
kilorneters respectively on cycle tracks compared o published
injury rates ranging fram 3.7% to 67 for bicycling on streets.
The relative risk of injury on the cytle track was 0.72 {95%
CI=0,60-0.85) compared with bicycling in the reference
streets.

Cycle tracks lessen, or at least do not increase, crash and
injury rates compared to bicycling in the street.

research underscores the need for better bicycle counting and
injury surveillance and for additional safety studies, particularly
of one-way cycle tracks, intersections, injury severity and other
factors that affect cycle track safety.

IMPLICATIONS FOR POLICY

Public health and bicycling advocates in the USA have faced
a dichotomy, believing from surveys and European experience
that cycle tracks encourage more bicycling, yet being warned
that they lead to higher crash and injury rates. Qur results
suggest that cycle tracks lessen, or at least do not increase, crash
and injury rates compared with the street. The construction of
cycle tracks should not be discouraged.
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Bicycle Guidelines and Crash Rates on Cycle Tracks

in the United States

| Anne C. Lusk, PhD, Patrick Morency, MD, PhD, Luis F, Miranda-Marene, PhD, Walter C. Willett, MD, DrPH, and Jack T. Dennerlein, PhD

Bicycle riding has many peositive benefits re-
Tated to health™¢ as well as to transporta-
tion***2 and the environment.?>** Because
the metabolic-equivalent intensity levels for
bicycling are higher than those for walking,?®
bicycling can be even more beneficial than
walling with respect to weight contro],*® zll-
cause mortality,”**® and heart function®® among
adults, and with respect to physical filness®® and
carciovascular health® among children. In the
United States, 68% of the population is over-
weight or obese,?? and 34% of children and
adolescents are overweipht or at risk for being
overweight ** Although bicycling is beneficial,
US census dala show that only G.5% of US
residents aged 16 years or older use a bicyde
as a means of trangportation to and from work,
and only 24% of these bicyclists ave female™*
This low rate of cyeling may be aitributable

in part to the lack of proper bike facilities.

In the Netherlands, where there are 29 000
Ik of cycle tracks,® 27% of trips are made
by bicyele and, of total bicycle trips, 55% are
made by female bicyclists.*® In Montreal,
Canada, where cycle track networks were
initiated 20 years ago and there are now 63
kilometers of on-road cycle tracks along with
173 kilometers of park and riverside cycle
tracks, bicycle volumés have incressed tre-
mendously.?” In both the Netherlands®® and
Montreal,?® detailed guidelines have long
existed that support the implementation of
cycle tracks. Recent research articles, reviews,
and reports on hicycle facilities have noted
the benefits of cycle tracks.**~*¢ However,
-other recent articles on bicycle facilities have
deseribed only the need for separation of
bicyelists from cars®” or have not included
analyses or discussions of cycle tracks.*®-92

In the United States, the guidelines of the
American Association of State Highway and
Transportation Officials (AASHTO) favor bicy-
cling on roadways, even though most women,
children, and seniors prefer separation from
vehicles >3 Discouraged in these guidelines
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whether cycle tracks {physically separated, bicycle-exclusive paths adjacent
to sidewalks) were recommended, whether they were built, and their crash
rate.

Methods, We analyzed and compared US bicycle facility guidelines published
between 1972 and 1999. We identified 19 cycle tracks in the United States and
collected extensive data on cycle track design, usage, and crash histary from
local communities, We used bicyele counts and crash data to estimate crash
rates.

Results. A bicycle facility guideline written in 1872 endorsed ¢ycle tracks but
American Assoclation of State Highway and Transpertation Officials {(AASHTO)
guidelines {1974-1988} discouraged or did not includs eycle tracks and did not
cite research about crash rates on eycle tracks. For the 19 US cycle tracks we
examined, the overall crash rate was 2.3 {95% confidence interval = 1.7, 3.0} per 1
million bicycle kiltometers.

Conclusions. AASHTO bicycle guidelines are not explicitly based on rigoraus
or up-to-date research. Our results show that the risk of bicycle—vehicle crashes
is fower on US cycle tracks than published crashes rates on roadways. This study
and previous investigations support building cycle tracks. (Am J Public Heaith.

’_ Objectives. We studied stats-adopted bicycle guidslines to determine

is the building of bicycle facilities resembling
cyde tracks, that is, physically separated and
bicycle-excusive paths adjacent to sidewalks.
Past research articles on cyde track-related

facilities, stch as sidewalk bikeways and road-

parallel shared-use paths,® % have been used to
discourage creation of cycle tracks in the United
States. No studies have offered precse estimates
of the extistence and safety of US cydle tracks,

The US Departiment of Transportation pol-
icy statement recommends that the design of
bicycle and pedestrian facilities follow the
best currently available stendards and design
guidelines, such es AASHTO's Guide for the
Development of Bicycle Facilities and A Policy on
Geometric Design of Highways and Sireets and
the Institute of Transportation Engineers’
Design and Safety of Pedestrian Facilities.5*
Thus, AASHTO guidelines, commonly avail-
able and used by state departments of trans-
portation, have primarily directed the design
of TS bicyde fadlities.

The new National Association of City Trans-
portation Officials bikte guide®® includes cyde

2013;103:1240-1248. doi:10.2105/AJPH.2012.301043)

fracks. However, without inclusion of cycle
tracks in the commonly adopted AASHTO
guide, without US-based cycle track research,
and without public health and transportafion
policies in suppoit of cyde tracks, it will contmue
to be difficult to create cycle track networks.
Furthermore, in the public participation process
often only a few individuals attend the evening
hearings, and they inchide adjacent residents
who are opponents of changes to the sireet and
bicyclists who prefer the road as opposed fo
large numbers of potental bicyclists, incleding
women, children, and senfors. The design i,
therefore, often biased toward leaving the road
virtually unchanged. As a resalt of these and
many other historical reasons, the default bicycle
facility in the United States remnains a bike lane
painted on a road.5® in which many bicydists
do not feel comfortable®” or safe.52

We analyzed past and current state-adopted
bicycle guidelines to assess the justificaions
for and level of rigor applied to recommenda-
tions for the use of bicycle facilities in the United
States. Also, we defermined, notwithstanding
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the AASHTO guidelines, whether cycle tracks
had been buili in the United Staies and their
characteristics. Finally, we exarnined whether
the rate of vehide~bicycle crashes on US
cycle tracks was lower than published rates
for bieyclists on roadways.

METHODS

In addifion to collecting information on
and analyzing state-adopted bicycle facility
guidelines, we identifted locations of cycle
tracks, gathered data from local communities,
and estimated bicycle—vehicle crash rates.

Bicycle Faciiity Guidelines

We studied Web sites and article bibliogra-
phies to identify US bicyde facility guidelines®®™;
we also examined all of the AASHTO guide-
lines (1974, 1981,7% 1991,7® and 199974
regarding bicycle facilities. Bikeway Planning
Criteria and Guidelines,”® published in 1§72
by the Institute of Transportation and Traffic
Engineering at the University of California, Los
Angeles (and later reprinted by the Federal
Highway Administration), was also included.
We systematically analyzed the guidelines,
searching for sentences, references to research,
bibliographical citations, and recommendations
cither favoring or discouraging the implernen-
tation of cycle tracks. Because bike facility
preferences have been identified as a gender
issue,>*5>5878 ywe also assessed the gender
of the guideline authors.

Identification of Cycle Tracks

To be defined as cycle tracks for this siudy,
we required that cycle tracks be paved, parallel
to vehicle travel lanes, 1 or 2 way, physically
separated from moter traffic {ie, separated by
curbs or barriers to deter vehicles from entering),
and distinet from walking paths; that they
have data available or that could be obtained
on crashes and bike eounts; and that they not
be completely adjacent to water (i.e., drivers
would not drive over a cycle track to a beach),
Thus, bike lanes denoted by paint alone and
shared-use paths were not included.

We first identified US cycle tracks in Feb-
ruary 2009 through a swrvey admivistered to
Hstserv members of the Association of Pedes-
trian and Bicycle Professionals, which included
656 individuals thronghout the United States
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and Canada. As more cycle fracks were
suggested and other cycle tracks were found
through Web searches, other communities
were contacted, Of 43 suggested facilities,
we excluded 24 because they did not meet
our criteria. For all suggested cycle tracks, we
used Google street view maps to verify their
existence and whether they were separated
from traffic.

Data Collection

Between 2009 and 2012, we contacted
numerous professionsls (e,g,, urban and bicyde-
farility planmers, police officers, parks and
Tecteation coordinators, community and trans-
portation officials) from all communities with cycle
tracks to obtain information on cycle rack
design {e.g., configuration, type of separation,
length), bicycle counts, and crashes. Data on
bicycle counts (which ranged from 1-hour to
monthly counts) were obtained from cormmunity
reports”#° or the commmunity professionals we
contacted. In the 2 cases in which counts were
unavailable, we paid professionals to conduct
the bicyde counts.

We obtained crash data on sireets with cycle
tracks from police departments, transportation
divisions, offictal reports, and other sources.
Almost all crashes were known to be police-
recorded crashes. Only data on crashes result-
img from an Interaction between a vehicle
and a bicyclist were included. Information on
crashes involving pedestrians, other bicyclists,
or fired objects was not included because
such crashes are not consistently recorded.
Data on injury severity were not available for all
cyde tracks studied, and thus not considered.

Estimation of Crash Rates

As with estimations of motor vehicle traffic
volumes and determinations of average amiual
daily traffic,*" single bicyde counts must be
adjusted for the count period and duration.
Data from permanent cyclist counting stations
can be used to estimate the repartition of cydists
across each month of the year, day of the week,
and hour of the day. For each single bicycle
count period, expansion factors were used to
adfust the actual counts for time of day (Fhour),
day of the week (f-day), and month (fmonih),
allowing an estimation of the average daily
bicycle coumt {ADBC). We derived owr expan-
sion factors from 12-month counts taken with

Lusk et al | Peer Reviewed | Research and Practice -

24-hour continuous atiornatic bicycde counters
on cycle tracks in Portland, Oregon, and
Vaneouver, British Columbia. To calculate
the ADBC, we divided the howrly bike count
on a given cycle track (denoted as B) by the
appropriate expansion factors, as follows:
ADBC=B/(F-hour x f-day x f-month). If eycle
tracks had more than 1 howdy bike count on
different days, we wsed averaged daily vatues
from each eount. The resulting ADBC was then
muliiplied by the length of the cycle track to
derive averagé number of bicycle kilometers
per day. This in hien was multiplied by 365 to
determine average bicyele kilometers per year.
Detailed data on vehicle-bicycle crash loca-
tions, vehicle types, and bicycle movements were
available only for the b New York City cycle
tracks (from the New York State Department of
Transportation). In New York City, bicyclists
do not have to ride on ¢ycle tracks; the De-
partment of Transpartation data allowed us to
identify crashes occnrring among bicyclists rid-
ing on roads and not on adjacent cycle tracks.
We had deterrined that only a minerity of
crashes (n=8; 2284 occurred on the roadway
sections where the eycle tracks exist, but if was
more complex to distinguish near the inter-
section: whether the bicyclist was coming from
the cycle track or riding on the road. Therefore,
all reported vehicle—bicyde crashes on New
York City streets with cyde tracks were included,
even though some of the bicyclists may not have
been riding on or coming from the cycle tracke
Vehicle—bicycle crash periods (according
to police records and community officials)
ranged from 0.3 to 8.6 years. To estimate
crash rates per million bicycle kilometers,
we divided the number of vehicle—bicycle
erashes by amount of bicycle exposure (average
bicyde kan/year » crash period).

RESULTS

We analyzed and compared the bicycle
facility guidelines, lsted the characteristics
of the 19 cyde tracks that met the inclusion
criteria, and, after applying the expansion
factors to the bicycle counts, estimated bicyele—
vehicle crash rates.

Analysis of Bicycle Facility Guidelines

The 1972 Bikeway Flanning Criteria
and Guidelines document was authored by
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acadernicians in psychology, engineering, ar-
chitecture, urban planning, housing, real estate,
business administration, and management
(Table 1). The report endorsed eycle tracks and
included 68 citafions, 16 fom outside the
United States. Only first initials were provided
for the participating investigators, consultants,
authors, advisors, and staff members; as a
result, no data on the gender of the report’s
authors were available.

By contrast, the 1974, 1081, 1881, and
1999 AASHTO guidelines did not endorse
cycle tracks. The reason given in the 1974
AASHTO puide was that cycle tracks posed
a conflict with pedestrians crossing o parked
vehicles. Other justifications were added in
1981 (and repeated in subsequent versions of
the guidelines), mcluding eonflicts at inter-
sections or driveways, that cycle tracks pro-
hibited cyclists from making left turns, and
that opening of passenger doors created haz-
ards. The number of references cited in the
AASHTO bibliographies ranged from 0 to 15,
with only 1 research-based citation. Data
on author gender were available only for the
1991 (91% male} and 1999 (97% male)
guidelines.

RESEARCH AND PRACTICE

tdentification of Cyele Tracks

Nineteen cycle tracks met our mclusion
criteria and had vehicle-bicycle crash data
available (Table 2). Of these cyde iracks, 6
were located in warmer climates (Florida and
California), 6 in colder climates (Minnesota,
Colorads, Massachusetis, and Vermont), and
the remainder in moderate climates (Oregon
and New York). Six were 2-way cycle tracks
on one side of the street, 7 were 1-way cycle
tracks on both sides of the street, 2 were
contra-flow eycle tracks (with bicyclists trav-
eling toward cars), and the remaining 4 were
1-way cycle tracks on oné side of the street.
Ten were sireet level, and the remainder were
above street level. Cycle track lengths varied
from 0.18 to 4.83 Idloometers (Table 3},

Crash Rates

Our findings showed that 55 bicycle—vehicle
crashes were repotted over a combined 57
years of cyde track observations. When we
used our Portland expansion factors (Figure 1),
the ADBC ranged from 21 cydlists (Apopka
Vineland Road, Ovlando, FL) to 2085 bicyclists
{8th Avenue, New York City; Table 3). Eight
eycle tracks had no reported creshes, whereas

TABLE 2—Cycle Tracks and Their Characteristics: United States, 2002-2011

Cycle Track and Location Canfiguzation Separation Level
{afle Barcelong, Carlsbad, €A 1 way, 2 sides Cub, planting strip Raised
East Palomar Strest, Chula Visla, CA 2 way, 1 side Parking, curb, planting strip Raised
Friars Road, San Diego, CA 2 way, 1 side Raised median, curb stops Street
Beach Strest, Santa Cruz, CA 2 way, 1 side Low mbber divider Slreet
High Street, Santa Cruz, CA 1 way, 1 side, contra flow Low rubber divider Street
13th Street, Bawider, CO 1 way, 1 side, contra flow Raised median Straet
Broadway, Boulder, CO 2 vy, 1 side Curb, planting strip Raised
hpopka Vineland Read, Orlando, FL 1 way, 2 sides Curb, planting strip Raised
Vassar Street, Cambridge, MA 1 tigy, 2 sides, some biue paint Paring, curb, planting strp Raised
15t Avenue North, Minneapalis, MN 1 way, 2 sides Two painted Hnes as buffer Street
Loring Bikeway, Minngapolis, MN 2 way, 1 side Curb, planting strip Raised
1st Avenue, New York City % way, 1 side, green paint Painted mrffer, pariing Street
2nd Avenue, tew York City 1 way, 1 side, green paint Painted buffer, parking Sireat
8lh Avenue, New York City 1 way, 1 side, green paint Painted buffer, parking Streat
Sth Avenie, New York City 1 way, 1 side, green paint Posts, painted buffer, parking Stragt
Prospect Park West, New York City 2 way, 1 sfde, green paint Painted buffer, parking Street
Avers Road, Eugene, OR 1 vigy, 2 sides Mauntable curb Raised
Reed Market Road, Bend, OR 1 way, 2 sides, red Mauntabie curb Raised
Dorset Street, Budington, VT 1 way, 2 sides Curir, planting strip Raized
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8th Avenue in New York had 20 reported
crashes over & period of 2.3 years. Overall,
the estimated bicycle exposure {bicycle
kim/year x ¢rash period} on all studied cydle
tracks was 24 244 027 bicycle kilometers,
Hence, with 55 crashes (and use of the Port-
land expansion factors), the overall crash
rate was 2.3 (95% confidence interval [CT]=
1.7, 3.0} per 1 million bicyde kilometers. When
the Vancouver expansion factors were applied,
the crash rate was 2.1 (95% C1= 1.6, 2.8).

DISCUSSION

We analyzed 5 key state-adopted bicycle
guidelines published between 1972 and 1999,
Bikeway Planning Criteria and Guidelines,
published in 1972 by the Institute of Trans-
portation and Traffic Engineering at the Uni-
versity of California, Los Angeles, favored
eycle tracks, but the subsequent AASTHO
guidelines (initially published in 1974} did
not. The 1872 guidelines were subsequently
disfavored by some in the biking community®?;
the AASHTO guidelines favored bike lanes
and road cycling.

AASHTO recommended not building cycle
tracks, or facilities on the stdewalk side of the
parked cars, because of their lack of safety and
movement consiraints. Althcugh it desaibed
cycle tracks as having possible conflicts with
pedestrians crossing to parked vehicles or
passenger doors opening, AASHTC did not
cite research abowt such infiries on cyde tracks.

Instead of cycle tracks, the guidelines rec-
ommended bike lanes on the road side of
parallel parked cars. Yet, even in the 1999
version of the AASHTO guidelines, no re-
search was cited reparding the safety of bike
lanes adjacent to parked cars. Dooring, in
which a car occupant opens his or her car
door when a bicyclist is passing, is associated
with cyclist injuries. Dooring may be pre-
vented or Jessened with sufficient buffers
between the parked cars and the cycle track
or bike lane but such buffers require roadway
width. With or without buffers, cycle tracks
on the passenger side expose bicyclists less to
opening car doors compared to bike lanes on
the driver side, because not all cars have
passengers but all cars have a driver. Addi-
tionally, while a bicyclist in the cycle track
could swerve around or hit an opening
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passenger door or in the bike lane swerve
around or hit the driver door, a key difference
is being beside the sidewalk versus being beside
Tmigving cars, trucks, and buses. In Toronto, there
were 297 cases of dooring {11.6% of collisiors,
with 3.19%% involving moajor injuries and 1 case
resulting in a fatality) from 1997 to 1998, when
bicyclists were riding on roads (cyde track
networks did not exist).5* In Boston, Massa-
chusetts, where bicydists liave also been riding
on roals, motor vehicles accounted for
the highest percentage of collisions among the
city’s bicycle messengers in 2001 (28%), fol-
lowed by the opening of car doors (16%).%°
The AASHTO guidelines also did not cite
rescarch regarding preferences for bike lanes
relative to cycle tracks. Recent studies have
shown that female, child, and senior cyclists

mostly prefer separation from vehicles®®°%-69;
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the AASHTO recommendations may have been
influenced by the predominantly male compo-
sition {more than 9094 of the report’s authors in
1891 and 1999. Finally, AASHTO did not report
desipn alternatives for safely tuming Jeft from
cycle tracks, solutions that existed on, for exam-
ple, Dutch®#¢ cycle tracks well before 1974
The 19 US oyde tracks we examined totaled
only 34 kilometers, a minuscule length compared
with the 28 000 kilometers of cycle tracks
in the Netherlands.?® The overall estimated
crash rate on the studied cycle tracks was 2.3
{95% C1=1.7, 3.0) per million bicycle kilo-
meters, which is low relative to reported crash
rates on roadways in the United States and
Canada. When calculated to include only
velide—bicycle crashes on the road, published
crash rates per million bicycle kilometers range
from 3.75%° to 54° in the United States and

TABLE 3—Vehicle-Bicycle Crash Rates on Cycle Tracks: United States, 2002-2011
Vehlcle Bicyele  Average Daily
{ycle Track and Location Length® km  Crash Report Pariod® Year  Crashes® Mo.  Bigyle Count”  Bicycle km/Year'  Evposure) Mo,  Crash Rate®
Calte Barcelona, Carlshad, CA 21 36 0 25 19 536 70743 0o
East Palomar Street, Chulz Yista, CA 328 86 1 iy | 240 256 2068 655 0.5
Friars Road, San Diego, CA 346 3B 1 280 353 904 1277982 0.8
Beath Street, Santa Cruz, CA 1.22 1.0 1 693 303 827 308 627 32
High Street, Santa Cruz, TA 0.16 20 8 186 11474 27048 0.0
13th Street, Boulder, CO 0.34 15 0 1157 143601 502 605 0.0
Broadway, Boulder, £0 483 35 2 1712 3018605 10565 122 0.2
Apopka Vineland Read, Orlands, FL 1.53 4.0 [t 21 14 630 58 522 0.0
Vesear Street, Cambridge, MA 0.32 5.0 1 564 65911 329 555 an
1st Avenue: North, Minneapotis, MN 113 18 4 330 136 295 249 873 16.0
Loring Bikeway, Minneapolis, My 113 4.0 4 814 335 806G 1343224 30
15t Avenua, New York Clty {1st to 34th) 2.65 0.3 3 1854 1793312 547 771 5.0
2nd Avenue, New York City (34th to 1st) 260 0.5 il 1620 1637153 TEB 57T 6.5
8th Avenie, New York City (West 14th to West 34th} 157 23 20 2085 1194 847 2787978 72
Bth Avenive, New York City {14th-33rd) 157 24 i3 1576 902 876 2181 950 6.0
Prospect Park West {Bartel Pritchard 151 0.8 0 1654 311816 683 B62 0.0
Square to Union Street), Brooklyn, NY
#yers Road, Fugene, OR 0.80 50 0 144 42 146 210728 0.0
feed Market Road, Bend, OR 119 4.0 0 109 AT 438 189 752 0.0
Porset Street, Burlington, VT 1.85 1.0 0 36 34 555 24 555 0.0
Total 34 51.0 45 11 103935 24 244027 23
fate. Totals may be roundad,
% ength of cycle track studied {which, as a result of limited availability of crash and count data, may have been less than the entire cycle track Jength).
PTime period during which crash data were avallable,
Pglice- or community-reported crashes during the reposting period.
"asad on bicycte counts (adjusted, via expansion factors, for time of day, day of week, and month) and daratlon of counting period.
CLength of cycle track multiplied by average daily bike court muitiplied by 365,
"Bigycle km/year multipfied by crash reporting period.
ENumber of crashes divided by exposure {bicycle km/year multipfied by crash reporting period).

from 46 to 67%° in Canada. The wide range
in reported rates. for road cycling may be dueto
differences in study methods, case definitions,
design features and context; however, all such
rates of which we are aware are greater than
the eyde track rates found in our study.

We may have underestimated crash rates
because not all bicycle—vehicle crashes were
reported. By contrast, rates may have been
overestimated because crashes ocauring in
New York City could have involved bicyclists
on roads as opposed o cycle tracks. For
comparison, a recent study of 6 cycle tracks
in Montreal relied on exhaustive police crash
and ambulance injury dats, and the safest
Montreal cycle tracks had crash rates per
million bicycle kilometers of 1.9 (Brébeul) and
3.2 (Maisonneuve).5” The crash rate found here
for US cycle tracks {2.3) is within this range.
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FIGURE 1—Expansion factors used fo adjust bicycle counts for {a} month, (b} day, and (c)
hour: Portland, OR, January-December 2010,
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Two of the Montreal cycle tracks are located
on major roads and had crash rates per million
bicycle kilometers of 16.4 (Berrd) and 19.3
{Christoph Colombo). Similarly, 2 of the US
cycle tracks with the highest crash rates {1st
Avenue in Minneapolis, MN, 16.0; and 8th
Avenue in New York City, 7.2) are also along
busy urban arterials. Overell in the Montreal
urban study, there were 8.5 injuries and 10.5
crashes per million bicycle Klometers. In ad-
ditien, there was a 28% lower infury rate on
streets with cycle tracks than on reference
streets (alternétive routes without cyde tracks).

As g further comparison, data from New
York City before and after installation of cycle
tracks suggest that the rafe of crashes with
injuries decreased by 30% after installation of
the 8th Averie cycle track street section and
56% after the installation of the Sth Avenue
section.”® After implementation of the 2-way
Prospect Park West cycle track, there was
a 620 decrease in crashes with injuries, and
the number of bicyclists riding on weekends
doubled.” Similarly in Montreal, streets with
cycle tracks had 2.5 timies as many hicyclists
as streets without bicyele facilities,3”

Our results contrast with 2 earlier US studies
that discussed bicycling on sidewalks (which
have also been categorized as cycle tracks).?-52
Moritz® used a selfreport sample of 2374
riders fo collect data on number of kilometers
tidden, percentage of use of bike facilities,
and number of crashes according to type of
facility. Only 0.8% of bicycle kilometers ridden
and 12 crashes (4.4%) were reported as
ocewTing in “other” settings (mest often in-
dicated as sidewalks or parking lots, with most
respondents categorizing “other” as sidewalks).
The relative danger index for sidewalk ¢ycling

‘was 5.30, compared with 1.26 for eycling on

a migjor street; that is, bicyclisis had a 5.30 times
greater risk of crashing on sidewalks. A
second study by Moritz®? involving 1956
riders revealed that only 9 crashes oceurred
in other seitings and that 0.3% of bicycle
Kilometers ridden were in these settings. The
relative danger index for cycling in other
settings was 16.34, compared with 0.66 on
mgjor roads and 0.41 in bicycle lanes. These 2
studies are not sufficiently robust to allow
conclusions about the safety of sidewalk
bicycling or, by extension, the safety of cycle
tracks.
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In more recent research, a preinstallation—
postinstallation study of cycle tracks in
Copenhagen, Denmark, showed a 4% to 10%
decrease in crashes and injuries occurring
between intersections but an 18% increase
in crashes and injuries occurring at intersec-
tions. According to the auther, the latter finding
was possibly due to the elimination of parallel
parking and the fact that more drivers were
turming to search for parking®® Ancther recent
study, conducted in the Netherlands, suggested
the creation of cyde tracks to reduce crash tates®
A recent review of infrastructure studies on
bicycle injuries and crashes showed that bicyelists
are safer on roundabouts with cydle tracks,**
and in the Netherlands walking and bieycling to
school have been shown to be strongly assock-
ated with the existence of cydle tracks.*®

A review of peerreviewed literature on
bicycling and road safety conducted by authors
in the Netherlands suggested that physically
separated bicycle facility networks, as provided
in the Netherlands (where 55% of bicyclists
are female®), lead to reductions in risk among
cyclists,** In Denmark, where cycle track
networks are also provided, bicyclisis have
stated their preference for separation from
vehicles and pedestrians.®® By contrast, in
the United States, where very few cycle tracks
exist and bicyclists primarily have to ride
with vehicles, rates of cycling have inereased
among men aged 25 to 64 years but heve
remained the same among women and de-
ereased among children,**

Sfrengths and Limitations

There are several strengths of this research,
First, our historical perspective shows that
recommendations against cycle tracks in the
AASHTO guidelines were mostly duplicated
from previous versions of the guidelines,
without references to peer-reviewed findings.
Second, the territory covered included the
entire United States and, probably, most aciual
cycle tracks at the time the data were collected,
Third, we took bicycle usage into account in
estimating crash rates. Bicycle counts were uni-
formly espanded by applying the same factors,
derived from US and Canadian cycle tracks, to
all studied cyde tracks. These expansion factors
were based on detailed and continuous bicyclist
counts. Fourth, all reported bicycle crashes
on New York City streets with cyde tracks
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were included, even though an analysis of the
crashes suggested that some occurred on the
road and that some bicyclists were not riding
on or coming frora the cyde track.

The study involved several limitations.
First, the guidelines analyzed were restricted
to these most commonly adopted by states
{mainly the AASHTO guidelines}; however,
they were the most critical guidelines with
respect to implementation of cycle tracks.
Second, crash data and bike counts were
available for only a small number of US cycle
tracks. Third, although some bicycle counts
were extensive {e.g., New York City), others
were 1-hour counts.

Fourth, the use of expansion factors from
Portland and Vaneouver may have resuited
in bicyde usage being overestimated or under-
estimated. Fifth, although we attempted to
collect data on all of the vehicle—bicycle
crashes that occurred on each cycle track,
reporting of crashes may have been incom-
plete. Sixth, for comparison crash rates on
road bicycling we had to rely on studies from
other contexts. Therefore, future research
might estimate crash rates for bigycling on
roadways in each of the US cities with cycle
tracks, or another study design might be
applied to compare bicycling on roads versus
on cyde iracks. These limitations underscore
the'need for more systematic bike counts and
crash. data collection, as well as better deserip-
tions of crash locations and trajectories. Cur
study serves as one of the many steps leading
to & common undersianding of bicycle facility
guidelines and implementation of cycle tracks
in the United States,

Conclusions

State-adopted recommendations against
cycle tracks, primarily the recommendations of
AASHTOQ, are not explicitly based on rigorous
and up-to-date research. Qur results suggest
that, in the United States, bicycling on cyde
tracks is safer than bicycling on roads. Fur-
thermore, recent research shows bicyclists’
preferences for cycle tracks. Stakeholders
should consider the tremendous health bene-
fits and safety of cycle tracks, especially given
that their benefits have ahready been dernon-
strated in Burepean and Canadian cties. Ad-
ditional research on cyde tracks could identify
optimal design features. @
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1. Imtroduction

A significant increase in the bicycle transpertation mode share
would improve public health by integrating physical activity into
daily life. In order for the share of trips conducted by bicycle
to grow substantally, cycling as an activity has to have real
and perceived safety. The Netherlands and Denmark enjoy high
bicycling mode shares {26% and 19%, respectively) (Netherlands
Ministry of Transport, 2009) and are alse characterized by the
provision of cycle tracks as the predominant form of cycling infra-
structure on major streets, In contrast, the bicycling mode share in
the U.5. is much Jower (around 1%) and yet cycle track construc-
tion is discouraged in the roadway design guidance and policies of
many U.S, states.

Most influential on a national level is the American Association
of State Highway and Transportation Officials (AASHTO) Guide for
the Development of Bicycle Facilities (2012), which Tacks guidance for
the design and operation of cycle tracks. It does contain guidance
on the design of shared use paths which may be exclusively for the
use of different types of cyclists and separate from the sidewalk
or pedestrian path. However, the Guide recommends that shared
use paths adjacent to readways (side pathsfcycle tracks) be placed
a minimum of 5 feet from the edge of the motorized vehicle trav-
eled way, regardless of whether a curb is present, and with the
shoulder or parking lane not counting toward that 5 feet. Follow-
ing this recommendation would preciude developing rycle tracks
in urban environments where space is constrained and where the
cycle track would have therefore been placed directly behind the
curb (between the curb and the sidewall(} or between the parking
lane and the curbed sidewalk,

The purpose of this literature review is 1o examine the major
studies on the safety of cycle tracks in erder elucidate the safety
record of these facilities relative to cycling in the street and to point
to areas where further research is needed,

This review will describe the methods employed for the vari-
ous studies and their findings, as well as discuss their limitations.
Since many of the studies showed a higher overall intersection col-
lision rate associated with cycle tracks, another important focus of
this review is the study results of intersection safety measures and
treatments developed for cycle tracks. Also, this review pays careful
attention to whether studies controlled for exposure and examined
injury severity, given that intersection collisions are less likely to
resulf in a fatality than bicyclists being hit from behind {overtak-
ing collisions) between intersections in urban areas (McCarthy and
Gitbert, 1986), and that cycle tracks tend to increase biking trips
where they are built.

2, Definition of terms

The term “cycle track” should be defined relative to other terms
so that stodies can be compared fairly. An urban cycle track is a
bicycle path alengside a major city street that is separated from the
motorized vehicle traffic by a physical barrier. It is distinct from the

Tabla1
Comparizon of bike paths and cycle tracks.

sidewalk, being generally placed between the auto lanes and the
sidewallk, but separated from auto traffic by a raised curh, planting
strip or on-street parking. A cycle track may be one-way, placed on
cach side of the street, or two-way and placed on one or both sides
of the street. Cycle tracks are distinct from multi-use or shared use
paths, The terms rulti-use path and shared use path are used inter-
changeablyin the (LS. to refer to a two-way bicycle path that is open
to pedestrians (with or without a separate pedestrian path) and is
either away from roads or set back from the roadway, such asin a
park or along a parlcway or former railroad right-of-way (AASHTO,
2012; Teschke et ak., 2012). Table 1 provides further clarification.

3. Methods

In total, 23 papers on the subject dating from 1987 were located.
All of these were from Northern Europe with the exception of one
from Canada. The reason for this gecgraphic distribution is that
North America has relatively few cycle tracks to study, although
more are being built, Some studies of U.S. sidewalk riding have
been conducted, but these are excluded from this review bécause
of the large differences in facility design between sidewalks and
cycle tracks and therefore the lack of comparability of the studies.
For example, an often cited study by Wachtel and Lewiston (1994)
compared riding on sidewalks designated as bikeways to riding in
the parallel street in Palo Alto, California. Its analysis was limited
to intersection crashes so it did not provide an overall safety com-
parison. The sidewallks on the studied roadways were signed “Bikes
May Use Sidewalk” but were not designed or modified to be bicycle
paths, side paths or cycle tracks. This study is therefore excluded
from the literature review,

Note that, in the European countries where the studies reviewed
here were done, multilane roads are relatively rare compared to the
situation in the U.S. and Canada. Caution should be used in extrape-
lating the results, in terms of statistical changes, to North American
locations. Instead, the results of this review should be taken as a
general guide regarding the direction of effect of these facilities,
and intersection design treatrnents for them, and to where further
North American research is needed.

4. Discussion
4.1. Early studies and bicyclist exposure

Many of the early studies on the safety of cycle tracks had a
significant limitation in that they did not control for the amount
of bicycling, also called bicyclist exposure. Although these studies
reported that crashes and injuries increased with the construction
of cycle tracks, the rates may have actually gone down relative to
the volume of cyclists, given that building cycle tracks on streets
increases their use by cyclists. In other words, the relative risk asso-
ciated with using a cycle track may have actually been less. Early
studies that did not control for exposure include an unpublished
one by the West Berlin Police Department {(1987), an unpublished

Multi-use/shared use paths

Cycle tracks

Setting Built-up & rural areas

Type of roadway Mo consensus; typicalty built wherever right of
way was available, often abandoned rail lines

Girectional Two-way [unless two parallel paths are builr,

which is rare)
Shared use with pedestrians
adjacent pedestrian path is provided)
Intersection treatments

Yes, shared use all the time {2ven if optional

Historically, not addressed very ronsistently

Buili-up areas

Typically on major streets between traffic lane or on-strect
parking and sidewali

Can be one-way o1 two-way

Mo shared use, bicycles only

Raised cycle crossings, colored crossings; Major
intersections: bicycle signal heads with exclusive phase




B. Thomas, M. DeRobertis / Accident Analysis and Prevention 52 (2013) 219-227 221

study of Danish cycle tracks by Bach et al. (1988, which found an
absolute decrease in bicyclist collisions between intersections even
without controlling for exposure, a Danish hospital-based study by
LB. Larsen {1994), and a Swedish study on injured bicyclists vis-
iting a physician or dentist by Eilert-Petersson and Schelp (1997).
The authors of the West Berlin siudy acknowledged the problem of
nat accounting for exposure when they wrote, “the false impression
might arise that streets with side paths are more dangerous than
those without: To counter this. impression, note that about 90% of
the side path network {about 450 km) is on major streets with pri-
ority at intersections {about 720%km). Precisely these streets have a
high traffic volume, and they also attract bicyclists to some extent”
{pages 7-8), Larsen implicitly acknowledged relative risk when he
concliuded that “it is necessary to separate the bicyclists from the
‘hard’ road traffic [moetorized vehicles notincluding mopeds|]” (page
31) by increasing the number of cycle tracks. The paper clarified
that special care has to be taken at roadway crossings, but did not
describe or recornmend specific treatments.

4.2. Early Dutch studies and use of cycle tracks by moped riders

Uniil 1ate 1999, moped riders were entitled by law to use cycle
tracks in The Netherlands. A pair of Dutch studies, both released
in 1988, found safety problems with this practice. Wegman and
Dijkstra of The Netherlands Institute for Road Safety Research
{1988) found that cycle tracks inside built-up areas are safer for
bicyclists and moped riders between intersections, but have an
increased cellision rate at intersections compared to streets with-
out cycle tracks, with moped riders presenting a risk for bicyclists.
The paper reported that, within built-up areas, “on cycle paths
moped riders have relatively many accidents with cyclists and
pedestrians.” The paper recommended that cycle paths be ended
before an intersection and that moped riders be prohibited from
using cycle tracks in urban areas. Even with the use of cycle tracks
by moped riders, another study for The Netherlands Institute for
Road Safety Research, this one by Welleman and Dijkstra {1988),
found that the increased injury risk at the intersections was off-
set by a decreased risk on the links between the intersections such
that the overall injury risk of using cycle tracks did not significantly
differ from riding in mixed traffic on the sireet,

As aresuli of these studies, two changes in cycle track policy and
design were made in The Netherlands. First, in December 1999, a
law was finally passed to prohibit moped riders from using cycle
tracks in urban areas except where the speed limit for motorized
traffic is 70km per hour or higher. Second, rather than truncate
cycle tracks in advance of intersections and force riders into traffic,
the cycle track crossings at many intersections were raised, effec-
tively creating a speed hump te slow turning auto traffic. Studies
of this treatment are further discussed below.

4.3, Studies limited to intersection collisions

4.3.1. "Eapert” Opinion Model

A study by Garder et al. (1894} attempted to draw conclusions
about the relative safety of bicycle paths at signalized intersections
in Sweden by using the Bayesian method to combine the opinions
of hicyclists and "experts" with the results of four previous stud-
ies: a master's thesis by Ahadi and Nassiri (1986) and unpublished
work by Nettelblad (1987), Leden (1988] and Linderhotm {1990).
Specifically. Garder attempted to show the cyclist's risk of a col-
lision at signal controlled through-geing bicycle paths, with the
cycle crossing of the side street at 5 m away from the parallel main
street (to allow space for a motorist to complete the turn but wait
for the cyclist to cruss), compared to signal controlled intersections
with mixed traffic and a refuge on the side sireet wide enough for
the cyclist to stop within it Although the Garder paper refers to the

facilities as "bicycle paths” rather than cycle tracks, the four studies
chosen by the author all use data from collisions in built-up areas
and therefore seem appropriate to include in this literature review.

The studies that Garder used had results that varied widely,
with the cycle track presenting an intersection collision risk from
0.78 {Ahadi) to 8.6 (Leden) times the infersection collision risk
without a cytle track, Leden's results were based on collisions
reported in a survey of school children, sc they may have included
a number of very minor collisions not reperted to the police, which
could account for Leden’s figure being so much higher than what
other studies have shown. Garder cautions that one reason for the
variability in study results is that “the actual risk varies from inter-
section to intersection. Local conditions, bad signal timing, etc. give
very high risks at sofne intersections.” {page 438).

The Garder paper also tried to factor the opinions of bicyclists
and “experts” into the combined results. Although the authors esti-
mated that intreducing a cycle track increases the intersection
collision risk for a passing bicyclist by 40%, this figure is speculative
to some degree given that it is influenced by individual opinions.
The conclusion of the paper is that “bike paths, in general, enhance
safety between the intersections” (page 439), but that they should
merge onto the street (illustrated as an on-street bicycle lane in
the report) about 20 meters before the intersection. Note that an
unpublished paper by L. Herrstedt et al. (1994) stated that the
treatment of truncating cycle tracks 20-30m before an intersec-
tion, where they become bicycle lanes, was unpopular in Denmark.
Assuming that this holds true in Sweden as well, it is noteworthy
that a later study by Garder et al. (1998) found that the alternative
treatment of continuing the cycle traclk aji the way to the intersec-
tion, and through it with a raised bicycle crossing, is effective at
reducing cyclist crashes, Both the Herrstedt and Garder papers are
reviewed in Section 3.6.2. Alimitation of this paper, and of the prior
studies it cited, is that they did not examine the overall difference in
bicycle collision severity, for alt collision locations, for streets with
cycle tracks compared to those without.

4.4. Before—after studies using a comparison group

In an unpublished paper. Jensen (2007) presented the results of
a before-and-after study of the safety of one-way cycle tracks and
lanes in Copenhagen, The approach was te compare the ohserved
change in crashes and injuries fellowing eycle-facility introduction
to model predictions based on a comparison group of unchanged
roads. The cycle tracks sindied were constructed from 1578 ta 2003,
The prediction model was based on the cyclingfmaped traffic vol-
uineg, the motorized vehicle traffic volume, and the historical trend
in collisions and injuries of a comparison group from 1976 through
2004. The reported results suggest that the introduction of cycie
tracks reduced some collisions relative to the comparison-based
predictions (rear-end crashes and associated injuries as well as
crashes with left-turning bicycles/mopeds and with parked motor
vehicles), while raising others {crashes with right-turning vehi-
cles, between bicyclists/mopeds and other bicyclists/mopeds, and
between bicyclists/mopeds and pedestrians). jensen shows that
much of the increased collisions between bicyclists and pedestrians
involves crashes with entering or exiting bus passengers. Note that
in Copenhagen bus passengers exit directly onto the cycle track.
This type of collision could be largely prevented if the cycle tracks
were separated from the bus stops by a platform, as is done else-
where.

Une problem with the study is that the comparison group model
did not accurately predict changes in problems when it was tested
on the treatment streets, Specifically, the model was not adjusted
after it underpredicted bicyclist crashes and injuries in testing it on
a comparisen of the before-before to the before period at lecations
where the cycle tracks were later constructed. Such a calibration
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would have likely changed the direction and magnitude of the
results for some or many of the different crash types and would
have shown more favorable results for the streets with cycle tracks.
When looking at the raw data, the observed after period with cycle
tracks shows a decrease in fatalities and almast all injury types, so
the accuracy of the mode!l is essential for understanding the effect.

Cne consideration regarding the model accuracy is the simi-
larity of the comparison group to the test group, Cycle tracks in
Copenhagen tend to be constructed on major routes where traffic
volumes and speeds are higher, It is because of these characteristics
that separation for bicyclists is provided. if the cornparison group
tended to include narrower streets with lower traffic volumes, then
the collision and injury trend for this group would not be a good
predictor of the trend to expect where cycle tracks are constructed.
The paper states that “an effort was made in order to avoid conse-
quernices of larger differences between general comparison group
and treated roads, where bicycle facilities were applied. Trends for
different types of crashes and injuries of the general comparison
group were compared.” Although the paper refers to comparing
crash trends, it does not indicate the extent to which the roads in
the comparison group had similar traffic volumes to those in the
treatment group.

Another consideration is the accuracy of the model's use of
changes in traffic volume to predict changes in crashes and injuries.
Jensen writes that, “In the Copenhagen case, many of the studied
roads/intersections are in the far end of the fraffic volume axis,
i.e. much trafficked, and we are therefore close to or outside the
boundaries of the crash models' valid area.” He uses a stepwise
methedology taking inte account the trend in the comparison group
and regression to the mean, but these do not address the accuracy
of the traffic model on high traffic volurne streets. A more general
related concern has to do with the model's prediction of reduced
crashes in response to a reduction in traffic volume from cycle track
construction. This in effect penalized cycle tracks for decreasing
motorized traffic volume by increasing the expectation as to how
the cycle tracks should perform in reducing crashes.

In addition, although the bicycle traffic volume was included
in the model, the before- and after-period crash results were not
divided by the bicyclist volume in each period to assess the change
in relative risk. This calculation, together with the above-described
calibration of the model, would have likely changed the study
results and conclusions. Finally, as fensen noted in his paper, “mak-
ing these facilities resulted in more cycling and less motor vehicle
traffic. This must have contributed to benefits due to more physical
activity, less air pollution, less traffic neise, less oil consumption,
ete.” {page 14).

Following one year after this paper, an unpublished study by
Agerholm et al. (2008) used a sirnilar approach, performing a
before-after study with a comparison group in medium-sized and
large towns in western Denmark. However, unlike the Jensen
study, the expected results for the segments with cycle tracks were
not further adjusted based on comparison te a prediction model.
Atthough the study reported an increase in bicyclist injury colli-
slons associated with cycle tracks, it did not control for bicyclist
volume/exposure, Also, among the intersection collisions evaluated
in the study, the authors chose to exclude those that occurred at
the far-side of the intersection. The reason for this was a desire
to include only collisions that could be influenced by the pres-
ence of the cycle track., However, the presence of the cycle track
on the near- and far-side of the intersection generally corresponds
with a space of roughly equal width through the intersection. This
additional cycling space in the intersection could influence the like-
lihvod of a bicyclist being hit from behind on the far side of the
intersection. The study may have had different resuits if it included
all collision types and were adjusted for expostire to assess relative
risk.

4.5. Studies of two-way cycle tracks

Studies specific to two-way cycle tracks are reviewed in this sec-
tion, separate from the one-way facilities, because, as the studies
have found, two-way cycle tracks generally have more intersec-
tion collisions than one-way tracks. The results of these studies
should therefore not be extrapolated for application to one-way
cycle tracks.

The studies reviewed below were all conducted in either Finland
or Canada. This is because the cycling infrastructure of towns and
cities in Finland is characterized by two-way cycle tracks, while
Montreal, Canada, is the only North American city that has been
subjected to a published study of its cycle tracks, which are also
two-way. In the United States, major cycle track facilities have
only been recently constructed and have yet te have published
evaluations. The authors of this review found only one U.S. study
of two-way side path safety, by Petritsch et al. (2006), but chose
not to include it in this review because it evaluated suburban and
semi-rural paths rather than urban cycle tracks.

An unpublished study by Pasanen and Rasanen (1999) con-
ducted in Helsinki, Finland, found that cycling on a two-way cycle
track was more likely to result in a collision, per mile traveled,
than cycling in the street. it reported that two-way cycle tracks
accounted for 45% of cycling kilometers and 56% of injury collisions,
It also reported that the risk of a collision is three times higher for
cyclists crossing a street coming from a cycle track than for cyclists
crossing afrer approaching from the sireet, which indicates that the
risk of injury between intersections is much less for two-way cycle
tracks given the above-described overall results. Without account-
ing for injury severity, the study may have thus underestimated
the benefits of two-way cycle tracks in reducing severe injuries
and fatalities associated with overiaking (hit from behind) colli-
sions, which is the most common cause of fatal bicyclist collisions
in urbanized areas (McCarthy and Gilbert, 1896).

An unpublished and undated paper written by Pasanen for the
Helsinki City Planning Department {Pasanen, undated} presents
the same findings vegarding the collision risk of two-way cycle
tracks. However, the same study found significant differences in
the bicycling fatality rates for different European countries, with
The Netherlands, Sweden and Denmark having the lowest rates
{1.6-2.3), Finland and Great Britain in the midd}e (5.0 and 6.0}, and
Italy on the high end (11.0), per 100 million kilometers traveled.
The Netherlands, Sweden and Denmark are known for their bicy-
cling networks and one-way cycle tracks, while Great Britain and
Italy lack cycle tracks.

Note that, since the 1990s, the annual number of fatal cycling
crashes has steadily declined in Finland, while the number of annual
cycling trips has increased (Nordic Council of Ministers, 2005;
Finland National Statistical Service, 2011), Assuming that the City of
Helsinki provides a large proportion of the country's cycle trips and
that the City has had similar trends in trips versus crashes, these
trends may be due in part to a safety-in-numbers effect as the cycle
tracks have attracted more bicyclists and may have improved the
safety performance of these facilities over time such that the study
results would be different today.

A study by Rasanen and Surnmala of data from four Finnish
cities (Sept. 1998) attempted to shed light on the causes of colli-
sions associated with two-way cycle tracks. It found that the most
frequent coilision type was that of a driver turning right while
a bicyclist was approaching perpendicularly from the right, This
was because drivers turning right were looiking left for other cars
before proceeding, as also found in a 19986 study by Summala et al.
(described below). Only 11% of drivers noticed the cyclist before
the collision, while 68% of cyclists had seen the motorized vehicle.

A more recent study, jointly conducted by 1S, and Canadian
researchers (Lusk et al., 2011), specifically examined the safety
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effects of two-way cycle tracks constructed in Montreal, Canada, it
compared six cycle tracks with reference streets in estimating the
relative injury risk. According to the authors, one reference street
was a continuation of the street with the cycle tracls, while each
of the other reference streets ran parallel to the street with the
cycle track and had the same endpoint, thereby having the same
intersection frequency and about the same cross traffic. The study
found that the 2.5 times as many bicyclists used the cycle tracks
compared with the reference streets and that the relative risk of
injury riding on the cycle tracks was 0.72 compared with using
the reference streets. The strengths of this study are that it con-
trolled for exposure and inciuded all collision types, as well as its
importance as the only published study on the safety of urban cycle
tracks in North America. The limitations of the study are that it did
not provide a before-after examination of the streets where cycle
tracks were constructed and, as the authors acknowledged, did not
laok at injury severity.

Another North American study compared cycling injury risks
of fourteen route types and other route infrastructure features in
Toronto and Vancouver, Canada. It found that cycle tracks had the
towest injury risk, at about one-ninth the risk of major styeets with
parked cars and no biking infrastructure (Teschke et al., 2012).
The study recruited nearly 700 residents injured while cycling and
treated in the emergency departments of hospitals in Toronto or
Vancouver. Participants were interviewed to trace the route of the
injury trip and locate the injury site. As the authors described, “A
rase-crossover research design compared route infrastructure at
each injury site to that of a randomly selected control site from
the same trip.” The probability that a control site with a specific
infrastructure type would be selected was proportional to its share
of the trip length. One of the key findings of the study was that
sidewalks and multinsefshared use paths presented higher risks
than cycle tracks and bike-only paths, which the authors specu-
lated helped to explain why this study had more favorabie results
for cycle tracks than other North American studies did for off-street
paths as a whole.

A key strength of this study is that i evaluated relative risk
and focused on injury crashes, while a primary limitation is that it
excluded fatalities and head injuries that caused the potential par-
ticipant not to remember the crash. However, these were a small
number of cases relative to the pool of participants. Another key
limitation of the study is thar it did not assess the affect of cycle
tracks cn injury severity relative to other infrastructure types.

4.6, Studies that examined the effectiveness of safety measures
Jorintersections

4.6.1. Studies of intersection safety measures for one- and
two-way cycle tracks

An unpublished study conducted between 1983 and 1987 by
Leden {1990) surveyed school children in Sweden, Finland and
Norway. The children were asked where they cycle and about the
traffic collisions in which they had been involved. The authors then
developed a model to describe how street design and traffic con-
trol affect collision risk. The study found that effective measures
to improve safety include ending the cycle track or path before an
intersection, locating cycle crossings less than 3 m §rom the paral-
iel road, giving a special bicyclist phase on crossings controlled by
traffic signals, and grade separating crossings.

4.6.2. Studies of intersection safety measures for one-way cycle
tracks

A paper by Linderholm, based on a study carried out in Sweden
{1992}, showed that cyclists going straight ahead on a cycle track
were 3-6 times more likely to run a red light than cyclists on the
street, and that red running cyclists were 2.3 times more likely

to have a collision than cyclists crossing with a green indication.
However, for left-turning cyclists, those traveling on the street are
4 times more likely to have a collision than cyclists on a separate
track. The author therefore recommended that cyclists be directed
from the track onto the street abeut 30m before the intersec-
tion, but that, if left-turning cyclists exceeded 20% of the cyclists
approaching the intersection from & given direction, the track con-
tinue to the intersection. Linderholm also analyzed the effect of an
advance stop line for motor vehicles at signalized intersections in
combinaticn with converting the cycle track to a cycle lane 20-30m
before the intersection. The analysis indicated that this treatment
reduced the collision risk for cyclists crossing the intersection by
about 35%, primarily due to safety improvement for cyclists turning
left.

An unpublished paper by L. Herrstedt et al. (1994) based on
Danish data for the years 1988 through 1991 reported that about
two-thirds of cyclist injuries in urban areas happen at intersec-
tions and that the major intersections are particularly hazardous
for cyclists. It also acknowledged that Danish, Swedish and Dutch
experiences have shown that cycle frackscanin some casesresultin
a higher frequency of collisions at major intersections. The paper
described the solution of truncating cycle tracks 20-30m before
intersections, where they become bicycle lanes, but stated that this
solution is unpopular among cyclists because it makes them feel
less safe. As an altermative, the paper proposed two different rmeas-
ures. One is to convert the cycle track to a bicycle lane as described,
but with an advance stop line in the motor vehicle lanes 3-5m
behind where cyclists stop at the intersection in order to increase
the visibility of cyclists to metorists. The other measure is the use of
rumble pavement to direct cyclists on the track closer to the motor
vehicle traffic in advance of the intersection, in order toincrease the
visibility of the cyclists to motarists, and then to direct the cyclists
back to the original lateral position of the cycle track af the inter-
section in order to give motorists and cyclists more time to react to
each other, The resulis showed that cyclists and motorists had more
early reactions to each other and that near-misses were reduced,
which indicated a likely improvement in traffic safety.

A before- and after-study by Garder et al. {1898), examined
the effect of raising urban bicycle crossings at various locations in
Gothenburg, Sweden. The observed bicycle collision frequency {col-
lisions per month} after installing the raised bicyele crossings was
67% of the frequency before the c¢rossings were raised, Since the
raised crossings attracted more than 50% more cyclists, the reduc-
tion in collision risk per cyclist would actually be greater than 33%.
Also, the study found that the raised crossings reduced motor vehi-
cle turning speeds on average by 40%, indicating that the injury
risk (as opposed to collision risk) and serious injury risk would be
reduced even further. However, this study, like the 1994 Garder
study, also included the opinicns of cyclists and “experts” and com-
bined those with the observed results using a Bayesian approach to
develop a risk estimation model. This led to the development of an
estimate of 3 20-30% risk reduction from raised cycle crosgsings. The
extent to which the results in the field should be weighted against
subjective opinions seems rather speculative and, in fact, gave an
answer that was much more conservative than the actual results
observed in the field.

Afollow-up paper by Leden et al. (2000) used a similar approach
in examining the Gothenburg raised bicycle crossings, concluding
that the safety per cyclist was improved by 20%. The paper noted
that the decrease in automobile speeds was offset by an increase
in cycling speeds and instead attributed the safety improvement
to an increase in cycling flow (safety in numbers) (Jacobsen, 2063).
However, this was based on the expert opinions, without empir-
ical evidence to substantiate this claim. Also, as the 1998 Garder
paper pointed out, although the collision risk attributed o speed
may remain constant, the injury risk should be reduced because
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automobile turning speed would have more of an influence on
injury risk than bicycle speed. Overall, the estimated 20% improve-
ment in safety was, like in the 1998 Garder paper, based partially on
expert opinions and was much more conservative than the actual
observed effect of the raised crossings.

Later, Jensen conducted a study of the safety effect of blue
cycle crossings in Copenhagen, Denmark (2008), using the same
methodology as in his other 2007 study described above, Based on
a cornparison to the effect predicted by Jensen’s model, the study
found that the biue cycle crossings were associated with decreased
collisions and minor, severe and fatal injuries at intersections with
only one blue crossing, and with decreased collisions (injuries not
reported) at intersections with two blue crossings if the intersec-
tion had no more than three legs. Blue cycle crossings were also
found to be more effective at smaller intersections and ones with
a lower traffic volume, The author hypothesizes that, when mul-
tiple cycle crossings are marked in blue, the driver's focus is tag
dispersed among the different crossings and the attention to any
one crossing is too diluted for it to be effective.

Another study examining the safety effect of intersection treat-
ments was produced by Schepers et al. using data from The
Netherlands (2011). It found that the collision probability is
decreased at intersections that have raised bicycle crossings or
other speed reducing measures for traffic turning from the major
road to the more minor road. The authors estimated that the
cyclist's collision risk is reduced by 51%, The study also found that
two-way cycle tracks are associated with greater collision risk{con-
trolling for exposure). Perhaps surprisingly, the results indicated
that “well marked" and reddish colored cycle crossings are also
associated with greater risk. One limitation of this study, how-
ever, is that it was not a before-after evaluation. Locations treated
with high-visibility and colored markings may have already had
more safety problems, czlling into question whether the markings
themselves reduced safety. However, the study does point to the
likelihcod that raised crossings are more effective than markings
alone.

4.6.3. Studies of intersection safety measures for two-way cycle
tracks

A study by Summala et al, (1996) examined ccllision types asso-
ciated with two-way cycle tracks in Helsinki and found that the
primary collision type at T-intersections (where a minor sireet ends
at a junction with a major read) was that of cyclists approaching
from the right on the primary street or road while the motorist was
attempting to make a tight from the minor street, In most cases,
the motorist did not see the cyclist because the motorist was look-
ing left for an opening in traffic and did not look to the right for
a cyclist before proceeding. The study then tested the intersection
scanning behavior of metorists after safety countermeasures were
employed at intersections. The results suggested that measures to
reduce motor vehicle speeds (speed bumps and elevated bicycle
crossings) and stop signs placed in advance of the intersection were
effective at increasing the proportion of drivers that scanned to the
right. (Note that in Northern Europe use of yield control is common
where minor streets meet major ones. Also, rnany minor arterjals
and collector roads in Helsinki are not priority roads at all; drivers
from these minor streets ending at T-intersections do not have to
yield to vehicle traffic from the left aleng the major road.)

Given the relatively high cost of speed bumps and raised cycle
crossings, and therefore the impracticality of employing them
widely in a short timeframe, Rasanen and Summala conducted a
foltow-up study (Feb. 1998) to test the effectiveness of red bicycle
crossings combined with advance on-road bicycle wamning mark-
ings at T-intersections in Helsinki where a two-way cycle track runs
along the priority road (as described in the preceding paragraph).
The study found that a triangular warning sign with a bicycle stencil

painted on the pavement in advance of the intersection increased
the proportion of drivers looking right, but did not decrease the
proporticn that only looked to the left. {The proportion of drivers
looking only straight ahead thus decreased), When this treatment
was combined with a red bicycle crossing, the proportion of drivers
locking only to the left was reduced by between 10 and 50 percent.
This improvement in motorist scanning behavior indicated a fikely
improvement in safety for cyclists.

5. Results

Table 2 shows the factors to consider when interpreting the
results of the studies reviewed here. Key considerations are
whether the study controled for exposure, examined injury sever-
ity and inciuded crashes both at and between intersections. Studies
that did not control for exposure would tend to overstate the coili-
sion rate and risk to individual cyclists associated with cycle tracks
because they would not account for the increased amount of cycling
after a cycle track is constructed, Studies that did not examine
injory severity would tend to underestimate the benefits of cycle
tracks by treating all collisions as being equal and not capturing
the safety benefit of eliminating the overtaking (hit from behind)
collision type, which is the most common cause of fatal bicyclist
collisions in urbanized areas {McCarthy and Gilbert, 1996). Com-
parative studies limited to intersection collisions would also tend
to underestimate the benefits of cycle tracks by not accounting for
the difference in mid-block overtaking collisions.

Other important considerations are whether the study mea-
sured results using empirical data to compare streets with and
without cycle tracks. Studies using citywide collision or injury out-
comes can suggest that better performing cities have safer bicycle
facility types, but do not pinpaint the relationship between each
facility type and the outcome. Studies that combine opinion sur-
veys, or surveys hased on recollection, tend not to be as reliable as
empirical studies for showing the relationship between the facility
type and the oufcorne. Studies that use a traffic model to estab-
lish an expected reduction in crashes can penalize cycle tracks for
decreasing the auto traffic volume if they do not thereby decrease
the bicycle crashes as much as expected.

ldeally, cycle track safety studies would examine a set of streets
using before and after data on serious and fatal injury collisions
cccurring both at and between intersections while controlling
for the trend in such collisions and bicyclist exposure, None of
the studies of overall cycle track safety reviewed here met all of
those criteria. The 2011 study by Lusk et al. came close in that it
included oniy injury and fatal collisions and controlled for expo-
sure, although it compared streets with cycle tracks to reference
sireets rather than being a before-after study. It is also the only
study on the safety of cycle tracks located for this paper that was
both peerreviewed/published and controiled for bicyclist exposure
other than the 1994 Garder study, the results of which werte con-
founded by opinion survey responses, and the 1988 Dutch studies
{Wegman and Dijkstra, 1988; Welleman and Dijkstra, 1988), which
were confounded by moped use of cycle tracks in the Netherlands
at the time. The results of the study by Lusk et al. are therefore
included in Table 3, which provides crash modification factors for
cycle track treattnents,

A number of the studies on the safety of intersection treatments
for cycle tracks did provide useful crash modification factors for
these treatments. These indicate that, even if concerns about the
intersection safety of cycle tracks were valid when controlling for
exposure, they can be mitigated, These crash modification factors
are shown in Table 3 for the published studies reviewed here.

In order to understand the significance of these studies as a
whole, it is also important and useful to look at the historical trend
and motivation for them. When the Dutch had concerns about
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Table 2
Summary of literature review: cousiderations in interpreting study resulis.
Study author{s) Conirofled Included alt Results based BeforefAfter Exarnined Published Notes
for exposuge crash types on empirical study injury severity study
data

Cycle traclk safety studies
West Berlin Police {1987) o o N o c
Bach et al. (1988} N N N ¢
Wegman and Dijkstra (1988) W W N W d
Welleman and Difkstra (1988} V N N W d
Garder ecal. {1894) o N Wi £
Larsen {1954} W W N 3
Eilert-Petersson and Schelp o N s ¢

{1997)
Pasanen {undated} < o N <
Rasanen and Summala (Sept J N J N

1928)
Pasanen and Rasanen (1999} o o N
Jensen {2007) & s Ny " J !
Agerhoim {2008} J ) b v
Lusk et al. {2011) Ny N N Wi
Studies of effectiveness of intersection satety measures for cycle tracks
Leden (1990) ) NA e
Linderholn {1952) W NA J W o
Herrstedt et al. (1984) Ny MA N N
Summiala et ak. (1996) N NA o N N
Garder et al. {1398) o NA J Vi ¢
Rasanen and Summala {Feb N NA J v i

1998)
Leden et al, (2000) W MA v o c
Jensen (2008) J NA W J s v r
Schepers et al. [20711) i NA W N

NA: not applicable because, by design, these studies were about intersection safety measures.
* Increase In number of cyclists factored into model of expected crashes, but change in cyclist risk, based on collisionsfinjuries relative to exposure, not evaluated.
b Resutts for severe and fatal injury collisipns were not statistically significant.
© Lacked cyclist volume (exposure) datafdid not assess relative risk.
4 [ncluded moped use of cycle tracks {later prohibited).
¢ Combined opimion survey results with empirical data.
f Resutes evaluated by corparison to prediction model.

Table 3

Crash modification factors for cycle track intersection treatrnents; published, peer reviewed studies?

Trearmentfdevice Crash modificarion factors or change in Study authorfdate Statistical significance®
behavior
One-way cycle tracks
Raised cycle crossings Intersections & Links Garder (1998) ‘Statistical significance not reported
Cyclist crashes:
-33% (greater reduction in cyclist risk due
to increased biking)
Intersections Schepers {2011) RE: 0.49 (0.32-0.77 at 95% CI)
Cyclist crash risk: P-value < .01
-51%
Vehicie nurning speets: GCarder {1998) Statistical significance not reported
~40%
Convert cyce track to cycle lane Intersections Linderholm (1992) Statistically significant
20-30m in advance of intersection Cycelist crashes:
with use of advance stop line for ~35%
motorists 3-5m behing waiting
cyclists
Colored cycle crossings (blue) through Inteisections Jensen (2008) RR: .80 (0.80-1.02 at 95% {1}
intersections 4-wayf1 colored crossing:
-10% overali crashes
-18% pverall injuries
Two-way cycle tracks
Raised cycle crossings Intersections Summala (1995} Small n;

Colored cycle crossing {red}in
combination with bcycle stencil in
advance of intersection on
eross-streef approach

Increase proporeion of drivers whe scan (o

the right

Intersections

Increase drivers scanning to the right:

+31% (increased from % to 40% of drivers)

Statistical significance not reported

Rasanen and Summala (1898b) P-value < 0.001

! Only published studies controlling for exposure and based on collision andfor injury data are included. Thus only raw crash results {without adjustment based on opinion

surveys} are included for Garder,

¥ RR: Relative Risk; Cl; Confidence Interval.
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the safety of their cycle tracks in the late 1980s, their studies
showed that much of the problem had to do with moped use of
the facilities and with intersection design. Their response was to
employ intersection safety measures, particularly raised crossings,
and eventually to require that moped riders use the street in urban
areas. The 2011 study by Schepers et al. showed the safety ben-
efit of the raised cycle crossings. Meanwhile, on a national scale,
the statistics were moving in the direction desired by planners and
policy makers: bicycle kilometers traveled per inhabitant contin-
ued to increase while the number of cycling fatalities continued
to decline (Pucher and Buehler, 2008a,b). The Dutch satisfaction
with cycle tracks as a bicycle facility and the favorable statistics
meant that there was little or no reason to continue to study them,
hence the lack of follow-up studies to prove their benefit relative
to cycling in the street,

A similar story has played out in other Northern European
counties. In Denmark and Sweden, while some studies pointed to
problems at intersections, follow-up studies found specific inter-
section safety treatments to he effective. Studies in Finland found
that the two-way cycle tracks there were fess safe than the one-way
tracks found in other Northern European countries, but that cer-
tain intersection safety measures are effective af reducing crashes.
These results, together with the effects of ether cycling safety
treatments, are borne out on a national scale in The Netherlands,

Denmark and Finland, where fatalities have declined even as.

cycling increases (Nordic Council of Ministers, 2003).

Finally, it is worth noting that The Netherlands, Denmark

Sweden and Germany have much higher rates of cycling as a share
of trips, and much lower fatality rates per kilometer cycled, than
does the USA, with its relative lack of separate facilities for cycling
in urhan, congested conditions. The percent of trips made by bicy-
cle ranges from 9 to 11% in Germany, Sweden and Finland, 18% in
Denmarls, and 27% in the Netherlands, compared with only 1% in
the U.5. Meanwhile, a cyclist in the U.5, is over five times as likely to
be killed as one in the Netherlands, nearly four times as likely to be
killed as one in Denmark or Sweden, and three and a half times as
likely to be killed as one in Germany, per kilometer cycled (Pucher
and Buehler, 2008a).

Cyclists in these Northern European couniries represent virtu-
ally all segrnents of society. Women have about twice as high a
share of bicycle trips in Denmark, Germany and the Netherlands
as they do in the 115, (45-55% compared with 24%}. Also, a much
higher propostion of local trips made by the elderly is by bicycle in
Denmark, Germany and the Netherlands compared to the situation
in the U.S, (Pucher and Buehler, 2008b).

These indicators result from programs and policy initiatives that
include the provision of facilities that make cycling accessible, safe
and comfortable for a wide range of people. The outcome is a rel-
atively connected cycling network with facilities geared toward
specific traffic conditions, ranging from traffic-calmed streets to
bicycle lanes to cycle tracks and associated intersection treatments
for routes with higher traffic volumes and speeds (Pucher and
Buehler, 2008a,b). In contrast, the majority of cities and towns in
the U.S. either lack bicycle facilities, or have taken a one-size-fits-
all approach wherein, on city streets, only bike lanes immediately
adjacent to traffic, without any physical separation or barrier, are
provided regardless of the traffic volume or speed.

6. Conclusion

The literature reviewed indicares that one-way cycle tracks are
generally safer than twa-way and that, when effective intersec-
tion treatments are employed, constructing ¢ycle tracks reduces
collisions and injuries. The evidence also. suggests that, when con-
trolling for exposure and including ali collision types, building

one-way cycle tracks reduces injury severity even when such inter-
section treafments are not employed. However, this needs to be
more thoroughly studied.

Intersection treatments appearing to be effective are:

» Bringing the cycle track closer to the parallel aute traffic at
the intersection approach to increase the visibility of cyclists to
motorists.

» Placing an advance stop line for motorized traffic at least 20 m
before the intersection.

» Raising cycle crossings to the level of the cycle track, essentially
providing a speed hump, to lower vehicle turning speeds and
reduce injuries to cyclists.

» Providing dedicated cyclist signals to separate the cyclist
through-movement from turning vehicles (although this has gen-
erally not been studied formally, probably because it already
provides a temporal separation between motorists and cyclists).

The results of studies of the safety benefit of colored cycle cross-
ings are more mixed. They appear to itnprove safety if only used
on cone side of a four-sided intersection. The reason seems to be
that they lose their conspicuity if applied on multiple legs of an
intersection.

The most common shortcoming in the state of the literature
was the failure to address injury severity. This is a crucial distinc-
tion given that fatalities and permanently disabling injuries are, by
definition, irreversible and are much more devastating to individ-
uals and soctety than are minor or temporary injuries. The studies
that have examined severity indicate that constructing cycle tracks.
reduces injury severity. This makes sense, given that cycle tracks
appear to eliminate the collision types that occur midblock such as
riding into a car door and being hit from behind, the latter having
the highest fatality rate.

Another commeon shortcoming was the failure to account for
exposure, distorting the relative risk associated with cycle tracks.
Standard traffic-engineering practice is to calculate automobile
crash rates relative to traffic volume in order to assess risk. This
should also apply to bicycle crashes, The potential increased num-
bers of bicycle cellisions culminating from more bicycle riding
needs to be balanced against the reduced number of auto occupant
collisions aleng with the individual health benefits of increased
physical activity.

Future safety studies, particularly before and after studies,
should therefore separate fatal and disabling injuries from minor
ones, and should present injury rates and relative risk accounting
for the change in the numbers of cyclists, More analysis on the
change in collision type distribution and the resuiting severity rates
by collision type would also be useful. This would show the degree
to which a shift occurs from bicycle-auto collisions to collisions
between nonmotorized modes (bike-bike and bike-pedestrian)
and its relationship to reducing impact speeds and injury sever-
ity. Earlier research has suggested that this is what occurs, but has
not focused so much on that particular question.

Finally in the 115, where the obesity epidemic and its health
consequences and costs are well documented, the environmental
and public health benefits of increased cycling should be a focus
of research and policy development to provide the infrastructure
needed to attract people to cycling while minimizing injuries. The
lack of any American studies indicates how little developed and
understood cycle tracks are in the United States. For cycle tracks
to be developed and studied in the U.S., American design man-
uals must first acknowledge that cycle tracks are a distinct and
unique bikeway type; not a variation of a shared use path. Then
American manuals should provide appropriate design guidance,
This will lead to the development of facilities and provide Jocations
for needed research into U.S. applications of intersection safety
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treatments given typical American intersections and driver behav-
jor. Although some local agencies are proceeding with designing
and constructing cycle tracks in the absence of such gnidance, most
local agencies will wait unti] cycle tracks are an official optien. Until
this accurs, the U.S. will be lacking in cycle track locations to study,
leading to a vicious cycle in which design innovations are slowed
and the urban bike mode share remains low,
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Vice Mayor Benzan stated that he has many question to ask. How will the Bike Plan be
incorporated into the Master Plan process? He spoke about implementing stripping the streets.
Ms. Farooq explained the integration of this plan will be put into the Master Plan. Vice Mayor
Benzan stated that the Green Street Garage needs to be reconstructed and could be the first
bike/car parking facility. Now is the time to redevelop this garage. He also stated that dedicated
bus lanes are critical for the City. The bus lanes may also act as a bike lane. He stated that in
Netherland they wanted people to bike to Jive health lives and not focus on reducing the carbon
foot print. He stressed the importance of education. He stated that The Port could be a pilot
program to connect streets to the Grand Junction. He wanted this to be the first bike
superhighway. This will be costly for the City when there are other areas that require attention.
This has to work in conjunction with other communities. He spoke about the importance of
driver education. He felt more questions and more deliberation is needed.

Councillor Mazen stated that the Bike Plan is well received by the biking community. This plan
has to be taken in context with other plans going on in the City. He spoke about problems that
are being attributed to bikers and that al] sides in the argument tend to be right. Protected bike
lanes and Vision 0 must be taken seriously. He stated that he can see the accident before it
happens and he has been doored. The way that trucks and busses are handled on Massachusetts
Avenue are disasters waiting to happen. He wanted to be biking safer street quickly.

Councillor Carlone stated that he was impressed with the scope, details and the next steps of the
report. This is a positive movement in the City. These improvements are minor with
construction.

Councillor Carlone thanked all attendees for their participation.

The hearing adjourned at 5:43 PM on motion of Vice Mayor Benzan.

For the Committee,

A emmes
Coungcillor Dennis J. Carlone Chair Vwr@
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